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At  the  meeting  of  the  council  held  January  I2th,  in  the 
general  office,  a  statement  of  the  society's  membership  and  finan- 
ces as  of  December  31,  1910,  elicited  that  the  membership  totaled 
1,530;  secondly,  the  earnings  for  the  year  had  fallen  short  of 
the  expenses.  However,  a  comparison  of  the  assets  and  lia- 
bilities showed  that  the  gross  surplus  which  had  been  accum- 
ulated amounted  to  $2,873.46. 

Commenting  upon  the  society's  financial  condition  Mr.  L.  B. 
Marks,  chairman  of  the  finance  committee,  said  that  his  committee 
was  of  the  opinion  that  stricter  economy  in  expenses  should  be 
observed.  Unless  this  were  done,  he  emphasized,  the  surplus 
accumulated  might  be  seriously  impaired.  There  was  nothing 
particularly  discomforting  in  the  report  of  the  finances,  he  added, 
other  than  that  a  curtailment  of  expenses  seemed  necessary  if 
the  ordinary  current  revenue  were  to  be  depended  upon. 

A  draft  of  the  annual  report  of  the  council  to  be  submitted  to 
the  Society  at  the  annual  meeting  was  presented  by  the  secretary. 

As  chairman  of  the  lecture  committee  President  E.  P.  Hyde 
reported  that  he  had  been  unable  to  prepare  a  final  report  be- 
cause certain  matters  pertaining  to  the  committee  were  still  in 
abeyance.  Until  these  were  disposed  of  such  report  he  said 
would  not  be  submitted.  He  presented  instead  a  progress  report. 
In  the  latter  it  was  stated  that  240  tickets  of  admission  to  the 
course  had  been  sold.  Whether  a  supplementary  or  final 
report  would  be  submitted  was  dependent  upon  the  reappoint- 
ment of  the  committee  by  the  new  administration  to  con- 
tinue the  work. 


2         TRANSACTIONS   OF    ILLUMINATING    ENGINEERING    SOCIETY 

Thirteen  applicants  were  elected  members.  Eighteen  resigna- 
tions were  accepted. 

In  view  of  the  approaching  retirement  from  office  of  President 
Hyde  the  following  resolution  was  unanimously  adopted : 

That  the  council  extend  to  President  Hyde  an  acknowledgment 
of  the  distinguished  services  rendered  by  him  during  his  en- 
cumbency  and  that  a  sincere  vote  of  thanks  be  tendered  him  for 
his  achievements  in  promoting  the  objects  and  welfare  of  the 
Society. 

Certain  communications  referring  to  relations  of  the  Society 
w'th  its  foreign  members  were  held  for  subsequent  attention. 

Those  present  at  the  meeting  were :  President  E.  P.  Hyde ; 
W.  Cullen  Morris,  treasurer;  Dr.  A.  S.  McAllister,  Mr.  Bassett 
Jones,  Jr.,  Mr.  L.  B.  Marks,  Mr.  V.  R.  Lansingh  and  Mr.  Pres- 
ton S.  Millar,  general  secretary. 


ANNUAL  MEETING. 


The  fifth  annual  meeting  of  the  Society  was  held  Friday  even- 
ing, January  13th,  at  the  Machinery  Club  in  New  York  City. 
Forty  members  were  present.  The  meeting  was  preceded  by 
an  informal  dinner. 

President  Hyde  called  the  meeting  to  order,  addressing  the 
members  briefly.  Referring  to  the  record  of  the  Society  since 
its  inception,  he  commented  upon  the  remarkable  growth  which 
has  been  experienced — a  growth  so  marked  as  to  suggest  that 
the  Society  has  nearly  attained  maturity.  This  growth  has  not 
been  in  numbers  alone,  because  the  Society  has  attained  a  status 
of  much  influence  and  has  assisted  the  science  and  art  of  il- 
luminating engineering  in  gaining  a  measure  of  the  recognition 
which  is  its  due.  To  promote  further  development  the  Society 
needs  the  encouragement  and  cooperation  of  those  who  are  quali- 
fied to  be  of  assistance  in  this  way.  President  Hyde  then  intro- 
duced Mr.  W.  W.  Freeman,  of  the  National  Electric  Light 
Association,  and  former  chairman  of  the  New  York  Section  of 
the  Illuminating  Engineering  Society,  as  one  from  whom  encour- 
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agement  and  cooperation  had  been  received  in  the  past  and  from 
whom  it  was  expected  in  the  future. 

Mr.  Freeman  called  attention  to  the  rapid  increase  in  the  num- 
ber of  technical  societies  being  organized  for  one  purpose  or 
another.  Whether  they  could  all  survive  he  expressed  some 
doubt.  But  those  which  had  justified  their  existence  are  looked 
upon  by  commercial  organizations  with  favor.  And  where  a 
society  like  the  Illuminating  Engineering  Society  has  by  its  work 
merited  cooperation,  their  cooperation  will  be  forthcoming. 

Mr.  L.  B.  Marks,  the  Society's  first  president,  reviewed  the 
early  progress  of  the  Society  and  discussed  the  scope  of  the 
influence  of  illuminating  engineering.  He  intimated  that  there 
has  been  and  is  to  a  certain  extent  some  misapprehension  as  to 
the  significance  of  the  term  illuminating  engineering.  Indefinite 
as  may  be  the  province  of  illuminating  engineering  it  is  neverthe- 
less a  distinct  entity.  It  has  been  called  a  "specialization"  which 
perhaps  approaches  the  admission  that  it  is  a  science.  That  it  is 
in  a  large  measure  a  collocation  or  correlation  of  the  fundamental 
laws  and  principles  of  other  phases  of  scientific  study  is  beyond 
cavil.  The  misconception  of  illuminating  engineering  can  be 
ascribed  to  a  lack  of  knowledge  as  to  what  illuminating  engineer- 
ing really  is. 

Mr.  Marks  continued  that  there  has  been  a  marked  interest 
manifested  in  illuminating  engineering  by  men  who  are  promi- 
nent in  the  provinces  of  art  and  science.  This  auspicious  interest 
may  be  attributed  to  the  work  of  the  Society  as  indicated  in  its 
Transactions  and,  as  might  be  expected,  to  the  recent  lecture 
course  in  illuminating  engineering  at  Johns  Hopkins  University, 
which,  in  his  opinion,  was  the  most  distinguished  work  ever 
uudertaken  by  the  Society.  As  a  concrete  example  of  the  pro- 
tracted interest  in  illuminating  engineering  and  the  broad  scope 
of  the  science,  Mr.  Marks  cited  the  fact  that  scientists  in  differ- 
ent parts  of  the  country  are  now  devoting  considerable  study  to 
illumination  as  a  means  to  augment  solutions  of  the  difficulties 
encountered  in  the  congested  sections  of  cities,  particularly  in 
the   tenement   districts. 

Dr.  C.  H.  Sharp,  who  succeeded  Mr.  Marks  to  the  Society's 
presidency  four  years  since,  called  attention  to  the  fact  that  the 
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inception  of  the  Society  came  at  a  time  when  unprecedented 
attention  was  being  devoted  to  the  development  and  perfection 
of  several  of  the  newer  illuminants  which  are  so  widely  used  to- 
day. One  of  them,  the  tungsten  lamp,  was  unknown  as  far  as 
the  public  was  concerned ;  and  one  or  two  of  the  others  has  been 
in  use  only  a  short  time.  Even  flaming  arc  lamps  were  still  in 
the  experimental  stage.  The  formation  of  a  society  to  encourage 
the  study  of  the  science  and  art  of  illumination  was  timely  and  its 
gratifying  development  has  undoubtedly  been  aided  by  the  advent 
of  these  higher  efficiency  illuminants. 

Dr.  Sharp  referred  to  the  second  year  of  the  Society's  history 
during  which  time  the  probability  of  the  ultimate  success  of  the 
Society  was  put  to  a  severe  test  by  the  failure  of  the  first 
enthusiasm  which  had  characterized  its  organization,  and  told  of 
the  gratification  of  all  those  interested  in  the  successful  record 
which  had  been  made,  and  which  included  the  first  technical  con- 
vention at  which  was  set  the  high  standard  which  has  been  met 
by  all  subsequent  conventions  of  the  Society. 

The  report  of  the  Council  to  the  Society  was  read  by  General 
Secretary,  P.  S.  Millar.  The  report,  which  will  appear  in  the 
February  issue  of  the  Transactions,  reviewed  the  affairs  of  the 
Society  during  the  past  year.  The  most  notable  of  these  were 
the  increase  in  membership  of  approximately  fifty  per  cent,  and 
the  success  achieved  by  the  course  of  lectures  on  illuminating 
engineering  at  Johns  Hopkins  University. 

Mr.  W.  Cullen  Morris,  treasurer,  presented  an  oral  report  of 
the  financial  condition  of  the  Society.  This  was  supplemented 
by  a  report  presented  by  Mr.  L,.  B.  Marks,  chairman  of  the 
finance  committee.  Mr.  Marks  said  that  a  slight  deficit  had  been 
incurred  during  the  previous  year.  This  was  accounted  for  by 
a  large  increase  in  the  cost  of  publishing  the  Transactions,  to- 
gether with  several  extraordinary  expenses  which  were  not  strict- 
ly chargeable  to  the  past  year.  In  analyzing  the  items  of  expense 
Mr.  Marks  pointed  out  that  less  than  70  per  cent,  of  the  running 
expenses  came  from  dues.  Comparing  the  income  from  dues 
wi'h  the  cost  of  the  Transactions,  it  was  shown  that  only  about 
47  per  cent,  of  the  net  income  was  applied  toward  general  ex- 
penses. The  difference,  53  per  cent.,  represented  the  expendi- 
ture for  Transactions  alone. 


SECTION    MEETINCS 
ELECTION    OF    OFFICERS. 


President  Hyde  called  for  the  report  of  the  committee  of  tellers, 
which  committee  had  counted  the  votes  of  the  members  in  the 
annual  election  of  officers  and  in  connection  with  the  vote  on 
constitutional  revision.  The  report  certified  to  the  election  of 
the  following  officers : 

President,  Dr.  A.  E.  Kennelly. 

Vice-President,  representing  Chicago  Section,  Dr.  Herbert 
E.  Ives. 

Vice-President,  representing  Philadelphia  Section,  Mr.  James 
T.  Maxwell. 

Vice-President,  representing  New  England  Section,  Mr. 
Theodore  Piser. 

Directors,  Mr.  J.  C.  D.  Clark;  Mr.  F.  N.  Morton;  Mr. 
Arthur  Williams. 

General  Secretary,  Mr.  Preston  S.   Millar. 

Treasurer,  Mr.  V.  R.  Eansingh. 

The  committee  reported  also  an  affirmative  vote  on  the  con- 
stitutional amendment  extending  the  terms  of  office  of  all  com- 
mittees until  February. 

In  the  absence  of  Dr.  Kennelly,  retiring-President  Hyde 
relinquished  the  chair  to  Mr.  Lansingh,  senior  Vice-President 
of  the  Society,  who  adjourned  the  meeting. 


SECTIOX    MEETINGS. 


CHICAGO    SECTION. 

The  Chicago  Section  held  a  meeting  on  the  evening  of  January 
13th,  in  the  Coliseum  in  connection  with  the  sixth  annual 
Chicago  Electrical  Show  and  at  the  invitation  of  the  Electrical 
Trades  Exposition  Company  and  of  the  Coliseum  Company.  The 
meeting  proper  was  preceded  by  a  dinner  in  the  Coliseum 
Restaurant  at  6 130  o'clock  at  which  about  40  members  and  guests 
were    present.     At    its    conclusion    the    party    proceeded    to    the 
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assembly  hall  on  the  second  floor  of  the  Coliseum  Annex  where 
Chairman  F.  J.  Pearson  called  the  meeting  to  order.  The  sub- 
ject for  discussion  was  the  paper  on  "Luminous  Efficiency"  that 
was  presented  by  Dr.  H.  E.  Ives  before  the  Philadelphia  Sec- 
lion  in  January,  1910.  A.  L.  Eustice  gave  an  abstract  of  the 
paper  and  opened  the  discussion.  Others  who  participated  in  the 
discussion  were  Messrs.  J.  R.  Cravath,  M.  G.  Lloyd,  F.  J.  Pearson, 
G.  C.  Keech,  W.  C.  Bauer,  E.  H.  Freeman  and  T.  H.  Aldrich. 
The  topic  for  general  discussion  at  the  February  meeting  will 
be  "Illuminating  Problems  in  Small  Cities." 

NEW     YORK     SECTION. 

At  a  meeting  of  the  New  York  Section  held  on  January  12th, 
papers  were  presented  as  follows : — "Artificial  Illumination  as  a 
Factor  in  the  Production  of  Ocular  Discomfort,"  by  Nelson  M. 
Black,  M.  D.,  a  consulting  oculist  of  Milwaukee,  Wis. ;  "Physi- 
ological Points  Bearing  on  Glare,"  by  P.  W.  Cobb,  M.  D., 
physiologist  of  the  physical  laboratories  of  the  National  Electric 
Lamp  Association,  Cleveland,  Ohio. ;  and  "Reflection  Coeffi- 
cients," by  Mr.  Paul  Bauder,  of  the  National  Electric  Lamp 
Association,  Cleveland,  Ohio.  These  papers  were  discussed  by 
Dr.  J.  E.  Weeks,  Dr.  H.  H.  Seabrook,  Mr.  W.  H.  Gardiner,  Mr. 
A.  J.  Sweet,  Prof.  S.  W.  Ashe,  Dr.  A.  H.  Elliot,  Mr.  H.  T. 
Owens,  Mr.  Norman  Macbeth,  Mr.  Bassett  Jones,  Jr.  and  Mr. 
E.  L.  Elliott. 

The  discussion  on  a  paper  by  Dr.  J.  C.  Pole,  chief  engineer 
of  the  Cooper-Hewitt  Electric  Company,  Hoboken,  N.  J.,  entitled 
"Researches  in  the  Photometry  of  Mercury-vapor  Lamps,"  was 
postponed  until  the  February  meeting.  At  this  meeting  a  paper 
entitled  "Polar  Curves  of  Finite  Line  and  Surface  Light  Sour- 
ces" will  be  presented  by  Mr.  Bassett  Jones,  Jr.  and  a  discussion 
on  "Architecture  and  Illumination"  will  be  led  by  Mr.  Henry 
Hornbostel. 

NEW    ENGLAND    SECTION. 

The  New  England  Section  held  its  monthly  meeting  in  Boston 
on  January  9th,  at  which  time  a  paper  on  "Physical  Points 
Bearing  on  Glare"  was  read  by  Dr.  P.  W.  Cobb,  Cleveland, 
Ohio,  and  a  paper  entitled  "The  Illuminating  Engineer  and  the 
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Fixture  Designer"  was  presented  by  Mr.  David  Crawfield, 
chief  fixture  designer  of  the  Pettingell- Andrews  Company,  Bos- 
ton. 

Among  those  taking-  part  in  the  discussions  were  Mr.  W.  II. 
Blood,  Jr..  Dr.  Louis  Bell,  Mr.  R.  C.  Ware  and  Mr.  Preston  S. 
Millar. 

PHILADELPHIA   SECTION. 

At  the  February  meeting  of  the  Philadelphia  Section.  Mr. 
Fdward  L.  Simons  will  present  a  paper  entitled  "Artificial  versus 
Sunlight  for  the  Making  of  Motion  Picture  Films."' 
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THE  LIGHTING  OF  THE  ALLEGHENY  COUNTY 
SOLDIERS'  MEMORIAL.1 


BY    BASSETT   JONES,    JR. 


The  Allegheny  County  Soldiers'  Memorial  is  located  in  that 
district  of  Pittsburgh  known  as  Oakland.  The  structure  forms 
the  architectural  center  of  a  large  group  of  monumental  build- 
ings some  of  which  are  completed  and  others  of  which  are  now 
under  construction.  The  Memorial  faces  east  on  Fifth  Avenue 
looking  across  Schenley  Park  and  toward  the  immense  Car- 
negie Library  building  and  the  buildings  of  the  Car- 
negie Technical  Schools  beyond.  North  of  the  Memorial  are 
The  University  Club  and  Pittsburgh  Athletic  Association  build- 
ings ;  back  of  it  and  to  the  West  are  the  buildings  of  the  Univer- 
sity of  Pittsburgh  now  partly  erected  but  which  will  eventually 
form  a  magnificent  background  of  classic  structures  rising  tier 
upon  tier  to  the  brow  of  the  steep  hillside,  where  the  present 
plans  call  for  a  temple-like  building  crowning  what  bids  well 
to  become  an  American  Acropolis.  The  Memorial  stands  at  the 
rear  of  an  entire  city  block,  the  approach  from  Fifth  Avenue 
being  graded  and  landscaped  to  lead  up  to  the  Plaza  like  space 
directly  in  front  of  the  building. 

ARCHITECTURE    AND    CONSTRUCTION. 

The  structure  is  an  imposing  pile  of  majestic  proportions 
in  many  ways  reminding  one  of  the  famous  tomb  of  Halicar- 
nasus.  The  style  of  the  exterior  architecture  is  distinctly  classic 
but  is  strongly  infused  with  the  personality  of  the  designers. 

The  front  entrance  is  flanked  by  two  projecting  wings  each 
containing  a  room  intended  for  meetings  of  the  G.  A.  R.  Posts. 
Over  the  entrance  is  a  statue  in  bronze  representing  Victory  in 
Peace  modeled  by  Charles  Keck.  The  main  entrance  foyer  is 
rectangular  in  form  with  a  barrel  vaulted  ceiling  resting  on  a 
cornice  supported  by  free  standing  columns.  This  foyer  opens 
directly  to  the  main  auditorium  and.  on  each  end,  to  the  memorial 
corridor  extending  along  the  other  three  sides  of  the  building. 
The  main   auditorium,  is  a  large   room    120   feet  clear  span  in 

1  A  paper  presented  at  a  meeting  of  the  New  York  Section  of  the  Illuminating  Engi- 
neering Society.  December  8,  1910. 
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the  square  and  65  feet  from  the  center  of  the  floor  to  the 
ceiling.  The  floor  slopes  to  a  stage  at  the  rear.  A  large  gal- 
lery extends  around  three  sides  of  the  room. 

The  auditorium  is  lighted  during  the  day  by  seven  immense 
one-piece  plate  glass  windows  in  each  of  the  four  walls.  These 
windows  are  20  feet  high,  extending  from  a  decorative  band 
above  the  gallery  to  within  3  feet  of  the  ceiling,  each  window 
being  placed  to  look  between  two  of  the  great  exterior  stone 
columns  supporting  the  cornice,  attic,  and  roof.  Thus  they  pro- 
vide an  excellent  view  of  the  auditorium  ceiling  from  the  out- 
side of  the  building. 

The  ceiling  of  the  auditorium  is  broken  into  panels  by  deep 
plaster  soffits  covering  the  bottom  chord  of  the  trusses  which 
support  the  floor  of  the  banquet  hall  above.  These  panels  are 
suspended  from  the  steel  work  in  the  banquet  hall  floor  and  are 
thus  only  indirectly  supported  by  the  trusses.  Each  panel  is 
entirely  separated  from  the  soffits  by  a  slot  six  inches  wide,  and 
thus  hangs  free  within  the  frame  formed  by  the  projecting  trusses. 
The  depth  of  these  trusses,  12  feet,  made  it  possible  to  obtain 
a  clear  space  above  the  panels  six  feet  high  which  was  used 
in  the  illumination  of  the  auditorium  as  will  be  described  here- 
inafter. 

The  banquet  hall  which  is  reached  by  elevators  and  staircases  in 
the  four  supporting  corners  of  the  structure,  is  35  feet  from  floor 
to  ceiling  and  is  74  feet  square.  The  ceiling  is  divided  into  49  square 
coffers,  about  two  feet  deep,  the  top  of  each  coffer  consisting  of  a 
decorative  glass  sash.  The  ceiling  construction  is  hung  from  the 
steel  work  supporting  the  huge  pyramidal  roof  above.  Refer- 
ring to  Fig.  7,  it  will  be  seen  that  a  gallery  extends  entirely 
around  the  upper  portion  of  the  hall.  Under  the  floor  of 
this  gallery  on  each  side  of  the  hall  are  the  corridors  giving 
access  to  smaller  offices,  meeting  rooms,  kitchens,  etc.,  along  the 
outer  walls  of  the  building.  Under  the  gallery  at  the  rear  of 
the  hall  are  two  smaller  private  dining  rooms  which  may  be  made 
a  part  of  the  banqueting  hall  as  indicated,  the  entire  wall  sep- 
arating them  from  the  main  hall  being  collapsible  and  hung 
on  trolleys. 

A  stage,  the  stairs  leading  to  the  gallery,  and  a  promenade  cor- 
ridor are  under  the  gallery  at  the  front  of  the  hall. 
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DECORATION-COLOR. 

While  the  exterior  of  the  building  is  almost  severe  in  its  sim- 
plicity, the  interiors  particularly  the  foyer,  memorial  corridor, 
auditorium  and  banquet  hall  are  rich  in  decoration  and  ornament 
and  are  exceedingly  rich  in  color.  Nor  does  this  richness  of  color  in 
any  way  detract  from  the  meaning  of  the  monument,  so  skillfully 
has  it  been  handled.  There  is  no  doubt,  however,  that  the  in- 
terior treatment  of  the  Memorial  will  be  a  subject  for  much 
discussion.  It  is  possible  that  nothing  like  it  has  ever  been  at- 
tempted before  in  this  country  so  that  in  the  matter  of  color 
treatment  the  building  marks  a  very  daring  departure  from  mod- 
ern practice. 

It  is  known  that  the  Greek  architects  were  lavish  in  the  use 
of  bright  colors,  both  on  their  exteriors  and  interiors — some- 
thing like  it  was  done  by  the  Romans  at  Pompeii  and  by  the 
Italians  of  the  fifteenth  century.  But  the  use  of  elaborate  color 
schemes  has  fallen  more  or  less  into  disuse  during  modern  times 
— probably  largely  due  to  a  lack  of  imagination  and  courage  on  the 
part  of  designers  and  to  ignorance  of  the  real  appearance  of  the 
ancient  architectural  masterpieces.  However,  with  the  rise  of  the 
science  of  archeology  and  the  work  of  the  resident  schools  in 
Greece  and  Italy  it  has  become  a  fact  of  general  knowledge  that 
the  chiefest  effects  obtained  by  the  old  masters  were  produced 
by  the  use  of  colors  to  accent  natural  light  values. 

It  is  therefore  not  surprising  if  the  feeling  on  the  part  of  the 
visitor  when  first  entering  the  Memorial  Building  is  one  of  won- 
der. The  sensation  produced  is  too  new  and  unwonted  not  to 
be  at  first  the  cause  of  instinctive  repulsion  unless  a  keen  imagina- 
tive sense  can  off-set  the  effect  of  novelty.  One  is  confronted  by 
bewildering  patterns  in  reds,  yellows,  greens,  and  blues ;  in  the 
mixed  pigments,  mauves,  lilacs,  carmines,  oranges,  and  golds 
have  been  used  lavishly.  Bands  of  geometric  patterns  in  yellows 
against  a  scarlet  background, — mouldings  picked  out  in  blues  and 
greens — scarlet  wreaths  and  festoons  bound  with  yellow  against  a 
pale  blue  panel — and  so  on.  It  sounds  badly,  does  it  not?  But  so 
carefully  have  the  tones  been  selected  and  blended,  so  thorough- 
ly have  the  laws  of  color  harmony  been  followed  that  it  is 
rarely  that  a  second  view  will  leave  aught  but  admiration  in  the 
mind  of  the  erstwhile  critic. 
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The  harmonizing  value  of  black  either  by  itself  or  in  mixture 
with  other  pigments  is  entirely  omitted  from  the  color  scheme, 
with  the  idea  in  mind  that  the  unavoidable  deposits  from 
Pittsburgh's  smoky  atmosphere  would  soon  introduce  this  tone. 
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Fig.  5.— Auditorium  ceiling  by  daylight. 

Pictures  can  give  one  no  conception  of  the  coloring.  It  must 
be  seen  to  be  appreciated.  To  make  this  evident,  examine  the 
auditorium  ceiling  as  shown  in  Fig.  5.  The  pattern  on  the  truss 
soffits  is  bright  yellow,  the  background  red.  The  mouldings  at 
the  soffit  heads  are  light  blue  and  yellow.  The  panels  are  a  soft 
opalescent  green.  The  sashes  have  pale  green  cross-bars,  and 
carmine  mullions  support  the  individual  panes,  which  are  gold 
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amber.  About  the  cap  of  the  four  great  corner  pilasters  are 
carmine  mould  bands.  The  pilasters  themselves  and  the  gen- 
eral tone  of  the  walls  are  pale  purple — almost  lavender.  But  no 
description   can   convey  the   least  idea   of   the   tones   employed. 

GENERAL  FEATURES  OF  THE  ILLUMINATION. 

It  has  seemed  necessary  to  give  the  above  account  of  the 
general  design  of  the  building  in  order  to  bring  forward  some 
conception  of  the  nature  of  the  lighting  problem,  but  before  pro- 
ceeding to  study  the  installation  for  lighting  the  foyer,  the  me- 
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Fig.  6. — View  during  construction  showing  trusses  for  supporting  the  banquet  hall. 

morial  corridor,  the  auditorium  and  the  banquet  hall,  the  author 
wishes  again  to  harp  on  some  general  considerations. 

In  an  article  on  "The  Lighting  of  Period  Interiors"  published 
in  "The  American  Architect"  for  March  30,  1910,  I  attempted 
to  draw  attention  to  the  close  relationship  existing  between  a 
design  and  the  light  which  enables  one  to  see  it,  in  these  words : 

"In  an  earlier  article  we  mentioned  the  close  relation  that  the 
arrangement  of  a  lighting  equipment  should  bear  to  the  archi- 
tectural design.  Too  much  emphasis  cannot  be  given  to  a  prin- 
ciple so  fundamental.  It  seems  perhaps  unnecessary  to  repeat 
the  truisms  that  art  makes  its  appeal  solely  through  the  channels 
of  sense — to  what  it  appeals  and  why  it  appeals  being,  of  course, 
another  question — and  that  the  perception  of  the  aesthetic  ideal 
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Fig.  8.—  Tests  of  experimental  reflectors. 
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embodied  in  an  architectural  composition,  depending,  as  it  does 
on  the  visual  sense,  demands  an  appropriate  and  carefully  studied 
relation  of  effects  in  light  and  shade.  Reduced  to  its  simplest 
terms,  the  sensuous  aspect  of  beauty  in  architecture  is  a  matter 
of  the  grouping  of  light  values,  excepting,  perhaps,  those  purely 
spacial  and  geometric  characters  depending  for  their  perception 
on  eye  parallax  and  other  muscular  reflexes ;  but  even  then  the 
reflex  is  itself  induced  by  the  arrangement  of  the  light  stimulus." 

"It  is  then  evident  that  if  the  artist's  embodied  conception 
is  to  be  properly  translated  into  just  the  correct  visual  sensa- 
tions that  will  arouse  in  the  beholder  the  particular  feeling  the 
artist  is  attempting  to  convey,  the  means  whereby  these  sensa- 
tions are  aroused  must  be  exactly  suited  to  the  particular  case. 
The  ideal  content  attainable  will  be  strictly  limited  by  its  sen- 
suous vehicle  whether  this  vehicle  be  sound  or  light,  and  hence 
no  artificial  restraint  that  will  in  any  way  interfere  with  or  block 
off  the  required  sensations  should  be  imposed." 

"We  do  not  desire  to  go  very  deeply  into  the  philosophy  of 
the  matter,  but  enough  must  be  said  to  indicate  the  importance 
of  the  fundamental  principle  from  which  our  discussion  starts. 
This  principle  is  not  a  principle  of  engineering,  although  en- 
gineering principles  can  without  doubt  aid  us  materially  in  achiev- 
ing the  desired  end.  The  value  of  a  knowledge  of  and  ingenuity 
in  applying  the  physical  laws  of  light  and  the  value  of  a  know- 
ledge of  the  character  and  limitations  (chiefly  the  limitations) 
of  available  sources  is,  however,  of  importance  in  enabling  us 
to  obtain  results  that  will  free  the  architect  from  the  shackles  of 
precedent  by  making  wider  the  range  over  which  he  can  find  a 
satisfactory  vehicle  for  expression." 

In  the  case  of  the  Soldiers'  Memorial  a  further  step  has  been 
made  in  using  the  illumination  itself — not  only  the  light  sources, 
but  the  actual  light  effects, — both  in  color  and  character,  as  an 
integral  part  of  the  decorative  treatment.  The  light  not  only 
enables  one  to  see  the  design,  but  of  itself  becomes  a  part  of  the 
design.  The  author  believes  he  is  correct  in  saying  that  never 
before  has  this  idea  been  intentionally  carried  to  such  an  extent. 
Practically  speaking,  the  interiors  of  the  building  have  been  de- 
signed with  the  effects  of  the  illumination  and  the  practical  de- 
mands of  the  lighting  equipment  kept  constantly  in  mind.     The 
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purpose  was  to  use  the  electric  lamp  in  such  ways  as  to  give 
the  best  possible  value  to  the  decorative  quality  of  artificial  light, 
combining  in  the  general  color  scheme  the  colors  of  light  emitted 
by  various  forms  of  light  sources  so  as  to  produce  a  harmonious 
effect.  The  idea  that  gave  rise  to  the  conception  embodied  in 
the  lighting  of  the  Memorial  Building  was  aroused  by  the  decora- 
tive value  of  many  recent  colored  electric  signs.  While  these 
signs  possess  a  certain  bizarre  character,  there  is  embodied  in 
the  best  of  them  a  more  or  less  crudely  expressed  sense  of  the 
artistic  possibilities  of  color  combinations  in  lamps.  For  out- 
door display  this  possibility  has  reached  its  culmination  in  the 
so-called  "scintillator,"  but  has  been  entirely  neglected  in  the 
treatment  of  interior  illumination.  While  the  application  to  a 
dignified  architectural  composition  of  a  principle  of  decoration 
founded  on  the  ludicrous,  vulgar,  and  restless  is  an  exceedingly 
dangerous  proceeding,  the  experiment  in  the  case  of  the  Soldiers' 
Memorial  is  warranted  by  the  extraordinary  beauty  and  dignity 
of  the  result  achieved.  That  the  result  is  dignified  and  beautiful 
is  proved  by  the  effect  on  the  audiences  occupying  the  auditorium. 
The  public  behave  in  this  room  as  in  a  church  with  a  hushed 
movement  and  comment  that  is  always  produced  by  an  object  of 
real  beauty  no  matter  how  lacking  in  aesthetic  knowledge  the 
beholder  may  be. 

It  is  of  course  only  in  comparatively  few  instances  that  the 
use  of  colored  light  in  the  design  can  be  attempted,  but  there 
are  several  interiors,  notably  in  theatres  and  other  similar  audi- 
toriums where  some  such  treatment  would  have  been  desirable. 

Not  less  daring  did  this  idea  seem  to  the  writer  when  sug- 
gested by  the  architects  than  the  then  proposed  architectural 
treatment  of  the  principal  rooms  in  the  Memorial.  The  author 
is  free  to  confess  that  he  long  doubted  the  possibility  of  achiev- 
ing the  results  desired  and  believed  that  the  effect  would  be  de- 
cidedly disappointing.  However,  Mr.  Hornbostel's  enthusiasm 
and  his  undoubted  genius  eventually  embued  the  writer  with 
some  of  the  same  faith,  and  the  result  fully  confirms  the  ar- 
chitect's emphatic  belief  in  the  beauty  of  his   conception. 

The  problem,  then,  was  to  produce  in  these  rooms  a  certain 
arrangement  in  light  colors  that  would  both  take  its  place  in  the 
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architecture  and  serve  the  utilitarian  purposes  of  making  the 
design  perfectly  visible  as  well  as  fulfilling  the  needs  of  the  uses 
to  which  the  rooms  would  be  put.  Fortunately,  the  architects'  ap- 
preciation of  the  value  of  light  and  their  intimate  knowledge  of 
its  limitations — the  latter,  an  often  neglected  aspect  of  the  prob- 
lem of  interior  illumination,  by  the  way, — made  the  working  out 
of  the  solution  both  interesting  and  pleasant.  The  effect  of 
shadows  was  studied  with  great  care  and  results  in  a  sharpness 
of  detail  and  a  correctness  of  perspective  under  artificial  light 
that  has  not  often  been  obtained.  This  is  particularly  true  of 
the  fine  relief  ornamentation  on  the  auditorium  ceiling,  which 
in  spite  of  the  great  distance  from  which  it  is  seen,  stands  out 
with  greater  distinctness  under  artificial  light  than  by  daylight. 
This  fact  is  prima-facie  evidence  that  the  design  was  conceived 
as  lighted  and  has  been  executed  so  that  it  can  be  lighted  as  con- 
ceived. An  idea  of  the  interesting  contrast  between  the  appear- 
ance of  this  ceiling  by  day  and  by  night  can  be  obtained  from 
Fig.  10. 

PRELIMINARY    WORK    RELATING    TO    ILLUMINATION. 

The  results  required  of  the  illuminating  equipment  were  so 
varied  and  so  novel  that  the  writer  found  himself  quite  lacking 
in  data  applicable  to  the  problem.  Nor  could  any  existing  in- 
stallations be  found  similar  to  that  proposed  from  which  data 
could  be  obtained  either  by  observation  or  by  test.  A  thorough 
search  of  the  literature  of  illumination  brought  forth  nothing 
that  could  be  accounted  an  aid  in  the  work  of  designing  the 
equipment. 

In  order  to  plan  intelligently  the  engineering  features  of  the 
installation  it  was  apparent  that  a  practical  study  of  reflection, 
absorbtion  and  diffusion  of  light  by  various  forms  and  kinds  of 
glass,  and  a  similar  study  of  reflection  of  light  from  various 
opaque  surfaces  were  essential.  The  literature  of  light  color 
and  the  modification  of  light  color  by  colored  transparent  screens 
was  so  highly  theoretical  and  lacking  in  detail  that  it  was  also 
necessary  to  carry  on  a  careful  investigation  of  the  effect  of  such 
screens  made  of  commercial  colored  glass. 

One  of  the  principal  requirements  of  the  installation  was  the 
partial  lighting  of  the  auditorium  and  the  entire  lighting  of  the 
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banquet  hall  through  sashes  of  glass  let  into  the  ceiling  construc- 
tion.    It  was  demanded  that  the  flux  through  these  sashes  should 


Fig.  II.— Part  of  auditorium  ceiling  at  night. 


be  so  distributed  that  there  should  be  nothing  in  their  appearance 
to  lead  the  beholder  to  appreciate  the  fact  that  the  light  originated 
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a'  given  points  above  them.  There  must  be  no  appearance  of 
"spots"  due  to  the  image  of  the  illuminant  or  the  intrinsic  brilliancy 
of  the  light  units  employed.  It  is  a  simple  matter  to  produce  such  a 
result  when  the  total  effective  flux  required  is  not  large,  but 
when  one  is  required  to  produce  a  relatively  intense  illumination 
at  considerable  distances  from  such  sources  the  question  of  pow- 
er consumption,  efficiency  and  operating  costs  becomes  a  large 
factor  in  the  problem.  Furthermore,  in  order  to  enable  the 
other  features  of  the  ceiling  design  to  take  their  proper  place  in 
the  ensemble,  it  was  necessary  to  avoid  all  appearance  of  great 
intrinsic  brilliancy  in  the  light  source  and  so  to  direct  and  distrib- 
ute the  light  as  to  void  loss  of  shadow.  Again,  the  color  of  the 
light  must  be  suited  to  the  color  of  the  surface  illuminated  and 
not  disturb  the  color  balance,  and,  lastly,  the  color  of  the  light 
source  itself  must  harmonize  with  the  modified  colors  of  the 
surrounding  architecture.     This   was   no   simple  problem. 

It  will  be  at  once  evident  that  there  are  two  controlling  fac- 
tors in  this  case;  first,  the  kind  of  glass  used  in  the  sashes 
and,  second,  the  arrangement  of  the  lamps  with  relation  to  the 
glass  surface.  Several  model  reflectors  with  reflecting  walls  ex- 
tending down  to  the  edge  of  the  experimental  sash  were  there- 
fore built  of  white  cardboard,  and  the  writer  experimented 
with  these  models  in  the  hope  of  finding  some  way  of  avoiding 
"spots"  or  streaks  of  high  brilliancy  without  excessive  loss  of 
flux. 

Various  lamps  were  used,  but  it  soon  appeared  that  with  the 
lamps  hung  over  the  sash,  the  greater  the  "downward"  candle- 
power,  the  more  brilliant  the  "spots."  Even  the  incandescent 
lamp  showed  "spots"  when  hung  over  a  sash  of  any  but  the 
denser  forms  of  opal  and  art  glass,  and  the  nearer  the  glass  the 
brighter  the  spots.  On  the  other  hand,  the  higher  the  lamps 
were  placed  above  the  sash  the  greater  loss  due  to  dispersion 
and  absorbtion  in  the  reflecting  surfaces.  If  the  lamps  were  not 
placed  over  the  sash  then  critical  angles  and  reflection  from,  the 
sash  surface  caused  a  still  further  lowering  of  the  efficiency  of 
the  arrangement,  and  unless  elaborate  precautions  were  taken 
the  spots  still  appeared  so  soon  as  the  lamps  could  be  seen  by 
moving  to  one  side  or  the  other  of  the  sash  axis.  Finally  the 
spots  were  entirely  obviated  and  the  efficiency  was  considerably 
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increased  by  a  particular  arrangement  of  the  reflector.  Num- 
erous other  forms  were  tried  and  either  did  not  entirely  remove 
the  "spots"  or  cast  shadows  on  the  sash. 

The  results  of  the  tests  on  the  first  successful  cardboard  model 
reflector  and  sash  are  given  in  Fig.  8.  The  efficiency  of  the  final 
arrangement  approximates  so  closely  to  45  per  cent,  that  it 
was  assumed  that,  with  a  reflector  having  a  reflecting  surface 
of  higher  efficiency  than  cardboard,  a  value  of  40  per  cent,  could 
be  attained  in  practice  with  clean  glassware.  It  will  be  noted 
that  the  final  arrangement,  due  to  a  decreased  reflection  loss  in 
the  sash,  increases  the  efficiency  by  3.5  per  cent. 

The  general  character  of  the  reflector  having  been  thus  de- 
termined, the  next  point  to  be  considered  was  the  selection  of  a 
sash  glazing  which  would  diffuse  the  flux  transmitted  so  as  to 
produce  the  proper  shadow  effects  in  the  relief  mouldings  sur- 
rounding the  sashes  and  in  the  mouldings  used  to  decorate  the 
sides  of  the  soffits.  This  was  found  in  two  types  of  sheet  glass. 
Readings  plotted  in  curve  4,  Fig.  8  were  taken  using  a  sash  of 
the  form  of  glass  actually  used.  The  close  approach  of  this 
curve  to  the  theoretical  curve  of  a  perfectly  diffusing  medium 
is  readily  apparent.  The  curve  could  have  been  still  more 
rounded  out  by  the  use  of  a  different  glass  had  this  been  ad- 
visable. See  curve  9,  in  Fig.  8.  If  the  polar  surface  for  the 
entire  source  sufficiently  approximates  a  sphere  as  in  the  case 
with  No.  9,  then  of  course  the  calculation  of  the  flux  density  at 
any  point  may,  with  close  approximation,  be  reduced  to  a  sim- 
ple application  of  the  cosine  law.  However,  in  general,  such 
a  surface  can  only  be  obtained  in  practice  by  increased  loss  of 
flux,  and  may  not  always  produce  the  best  shadow  effects. 

The  color  scheme  in  the  ceilings  of  both  the  auditorium  and 
the  banquet  hall  required  that  the  color  of  the  lighted  sashes  be 
a  golden  tone.  This  color  could  be  obtained  in  two  ways,  first, 
by  using  a  sash  glass  containing  relatively  little  coloring  matter, 
thus  reducing  the  loss  through  absorption,  and  a  low-efficiency 
lamp  giving  a  maximum  of  light  in  the  yellow,  or,  second,  by 
increasing  the  color  in  the  sash  glazing  and  employing  a  high- 
efficiency  lamp  giving  a  relatively  white  light.  The  best  results 
obtainable  with  commercial  lamps  resulted  from  the  combination 
of  tungsten  lamps  and  a  sash  glazing  of  the  45  amber  tint. 
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The  carbon  arc  lamp  was  considered  and  abandoned  due  to 
the  inherently  low  efficiency  of  the  alternating  current  lamp  and 
the  great  loss  in  the  sash  due  to  excessive  coloring  matter  re- 
quired to  correct  the  color  of  the  light.  The  flame  arc  would  be 
too  noisy  and  in  addition  its  flickering  would  destroy  the  solid 
luminous  appearance  of  the  sashes.  Furthermore  special  venti- 
lating arrangements  would  be  necessary  to  carry  off  the  gases 


Fig.  12.— View  above  auditorium  ceiling  showing  mercury  vapor  lamps  and  reflectors. 

generated  and  the  constant  attention  and  trimming  would  be  a 
source  of  expense.  The  use  of  arc  lamps  was  also  mitigated 
against  by  the  necessity  of  employing  a  large  number  of  small 
light  units  so  that  the  failure  of  several  lamps  or  the  blowing 
of  a  fuse  would  not  produce  noticeable  effects. 

The  painting  of  the  interior  of  the  reflectors  received  much 
attention  and  various  samples  were  tested  until  a  highly  effi- 
cient reflecting  and  diffusing  surface  was  obtained  the  finishing 
coat  of  which  consisted  of  an  imported  zinc  oxide  ground  in 
turpentine    only.     Great    importance    was    attached    to    the    fact 
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that  this  zinc  oxide  thus  mixed  retains  a  pure  white  color  over  a 
long  period,  and  maintains  a  high  reflection  co-efficient. 

Having  thus  determined  the  form  of  the  equipment  and  the 
character  of  glass  to  be  used  the  next  point  to  be  taken  up 
was  the  quantity  of  flux  needed  in  each  case.  This  could  be  found 
approximately    by    the  flux  method,  assuming  certain  intensities  of 


F'&-  J3- — View  above  auditorium  ceiling  showing  box  reflector,  flame  arc  lamps,  and 
nitrogen  vapor  tube  lamps. 

incident  light  on  the  ceiling,  walls,  and  floor.  Certain  definite 
requirements  as  to  the  illumination  over  certain  areas  had  to 
be  met,  however,  and  a  question  arose  as  to  the  possibility  of 
obtaining  these  values  of  illumination  with  a  finite  surface  source 
emitting  a  given  flux  distributed  in  a  certain  way.  The  writer 
therefore  made  a  study  of  such  sources  and  obtained  certain 
formulae  for  calculating  the  density  of  light  flux.  The  results 
of  this  study,  such  as  they  are,  have  been  presented  in  two  papers 
already  published  in  the  Transactions,  namely,  "Mathematical 
Theory  of  Finite  Surface  Sources,"  April,  1909,  and  "On  Finite 
Surface  Sources,"  May,   1910.     The  curves  shown  in  Figs.   14 


28       TRANSACTIONS    OE     ILLUMINATING    ENGINEERING    SOCIETY 


and  15,  indicate  the  relationship  between  the  actual  illumination 
under  the  conditions  existing  at  the  time  of  test  and  the  calcu- 
lated illumination. 
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Fig.  15. — Plan  of  banquet  hall. 
LIGHTING    01?    THE    AUDITORIUM. 

The  view  of  the  ceiling,  which  is  the  principal  architectural 
feature  of  this  room,  could  not  be  obstructed  and  hence  in  any 
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case  the  use  of  hanging  lighting  fixtures  had  to  be  avoided.  The 
treatment  of  the  ceiling  centers  around  the  light  centers  which 
are  also  architectural  centers  when  the  room  is  lighted  by  day- 
light from  without.  These  nine  centers  consist  of  circular  panels 
of  rich  pierced  plaster  ornament  above  each  of  which  are  sus- 
pended two  18-amp.  flame  arc  lamps,  so  located  and  equipped  as 
to  cause  the  plaster  lines  to  stand  out  in  bold  relief  against  a 
brilliant  flickering  background.  The  general  effect  is  that  of  a 
scintillating  jewel  of  intricate  pattern.  One  of  these  circular  pan- 
els forms  the  central  feature  of  each  of  the  large  panels  into 
which  the  entire  ceiling  is  divided  as  before  mentioned  by  the 
deep  beam  soffits  under  the  steel  trusses  supporting  the  floor 
above. 

A  group  of  glass  sashes  is  arranged  around  each  of  the  flame 
arc  panels  and  forms  a  design  of  geometrical  surfaces  broken 
up  into  small  figures  by  the  sash  frames.  A  box  reflector  of 
the  type  above  discussed  is  placed  over  each  sash. 

Each  of  the  main  rectangular  panels,  consisting  of  a  flame  arc 
center  and  its  group  of  sashes,  is  framed  by  a  concealed  nitrogen 
vapor  tube  lamp  provided  with  a  reflector  that  projects  the  light 
through  a  slot  entirely  surrounding  the  panel.  Each  panel  is 
thus  bordered  by  a  band  of  rose-colored  light. 

The  ornamental  plaster  mullions  separating  the  sashes  in  each 
panel  are  provided  with  plaster  rosettes  equipped  with  exposed 
incandescent  lamps  employed  to  accent  architectural  features  and 
show  off  the  elaborate  decorative  treatment  of  the  plaster  work. 

Glass  panels  are  located  close  to  the  side  walls  one  over  each 
window  and  over  each  is  provided  a  parabolic  reflector  contain- 
ing a  400-watt  mercury  arc.  The  light  from  these  lamps  is  di- 
rected against  the  walls  of  the  room  and  through  the  windows, 
and  is  so  modified  by  the  glass  in  the  panels  as  to  acquire  a  pale 
sky  blue  tone. 

No  one  who  has  not  seen  this  room  lighted  can  imagine  the 
grandeur  of  the  effects,  both  from  the  interior  and  the  exterior 
of  the  building.  As  one  approaches  the  building  from  with- 
out the  glory  of  the  ceiling  is  seen  only  through  the  streams 
of  light  flooding  from  the  windows  between  the  columns  of  the 
majestic  facade.  The  full  splendor  of  the  interior  is  perfectly 
set  off  by  the  artificial  light.     The  wonderful  color  treatment  of 
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the  walls  receives  a  new  interpretation,  becoming  soft  and  rich  in 
the  flood  of  golden  light  that  is  thrown  upon  it.  Each  of  the 
large  panels  seems  to  be  suspended  free  in  the  space  marked  out 
for  it  by  the  beam  soffits,  while  the  entire  ceiling  is  apparently 
framed  by  a  border  of  soft  moonlight. 

The  lighting  of  the  auditorium  is  controlled  by  switching  de- 
vices in  a  closet  off  the  stage  so  that  any  feature  of  the  lighting 
may  be  turned  on  or  off  at  will.  It  is  intended  that  either  the 
light  from  the  glass  sashes  or  the  light  from  the  exposed  lamps 
under  the  ceiling  will  be  sufficient  for  ordinary  purposes  while 
the  entire  lighting  system  will  be  used  only  on  special  occasions. 
But,  as  a  matter  of  fact  the  illumination  has  proved  so  popular 
as  an  exhibition  in  itself  that  it  has  been  featured  on  every  occa- 
sion, the  audience  usually  remaining  to  view  the  various  effects. 

The  cost  of  installing  the  auditorium  lighting  was  remarkably 
low,  as  the  cost  of  fixtures  appropriate  for  lighting  this  immense 
room  would  have  almost  equalled  the  cost  of  the  present  il- 
luminating equipment  of  the  entire  building. 

Fig.  9  shows  a  cut  of  a  large  scaie  quarter  plan  and  section  of 
the  installation  above  the  auditorium  ceiling.  This  should  be 
compared  with  Fig.  14,  in  which  is  shown  a  quarter  of  the  ceiling 
with  relation  to  the  room  plan,  and  with  Fig.  5.  In  Fig.  14  the 
sash  areas  over  which  the  box  reflectors  are  placed  are  indicated 
by  the  numeral  1,  the  pierced  plaster  grilles  over  which  the  flame 
arc  lamps  are  placed  are  indicated  by  the  numeral  2,  the  sashes 
over  which  the  mercury  arcs  are  placed  are  indicated  by  the 
numeral  3.  and  the  slots  at  the  side  of  which  the  nitrogen  vapor- 
lamps  are  placed  are   indicated  by  the  numeral  4. 

The  sash  reflectors  were  arranged  so  that  each  lamp  trough  and 
its  diffusing  equipment  could  be  lifted  bodily  out  of  the  reflector. 
Unfortunately  certain  unexpected  difficulties  were  met  in  the  in- 
stallation which  required  further  changes  after  the  reflectors 
for  this  room  were  delivered.  The  reflector  walls  are  generally 
perpendicular  instead  of  sloping  which  somewhat  cut  down  the 
efficiency  of  the  device. 

The  nitrogen-vapor  tube  lamps,  mercury  arcs,  and  flame 
arc  lamps  are  used  solely  for  effect,  efficiency  not  being 
considered,  since  the  particular  effects  desired  could  not  be  ob- 
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tained  in  any  other  way.  To  use  incandescent  lamps  with  color 
screens  in  place  of  nitrogen  tubes  and  mercury  arcs  would  re- 
quire the  use  of  very  expensive  screens  of  specially  burned  glass 
without  any  certainty  that  any  one  melt  would  have  produced  the 
correct  tint.  Furthermore,  the  exact  character  of  light  required 
can  not  be  attained  by  any  such  method.  Of  course  no  substitute 
can  be  found  for  the  flame  arc  lamps  that  will  give  a  scintillat- 
ing flux. 

The  smaller  sashes  of  irregular  pattern  (see  Fig.  5.)  were  left 
open  to  the  space  above  the  ceiling  and  are  lighted  in  an  irregular 
manner  by  the  flame  arc  lamps,  thus  relieving  the  ceiling  from  a 
monotony  that  it  would  otherwise  have  exhibited.  The  amber 
glass  in  these  sashes  has  the  appearance  of  burnished  copper 
when  lighted.  Some  interesting  effects  have  been  obtained  by 
covering  a  few  of  these  sashes  by  thin  developed  blue  print  paper 
the  two  tints  transposing  the  light  transmitted  from  the  flame 
arcs  into   an  exquisite   pale  green. 

Some  difficulty  was  experienced  with  the  pierced  plaster  grilles 
under  the  flame  arc  lamps  because  the  contractor  for  the  plaster 
work  had  made  the  castings  too  thin.  After  some  experimenting. 
and  as  a  temporary  device,  the  grilles  were  covered  above  with 
thin  cheese  cloth  which  prevents  the  construction  of  the  ceiling 
from  being  seen.  The  cheese  cloth  is  entirely  disguised  anr> 
gives  a  solid  appearance  to  the  grilles.  These  grilles  will  event- 
ually be  covered  with  circular  sashes  of  deflex  glass. 

Frosted-tip  tungsten  lamps  were  first  used  in  the  rosettes  under 
the  ceiling  but  the  great  intrinsic  brilliancy  and  excessive 
whiteness  of  the  light  from  these  lamps  when  contrasted  with  the 
generally  soft  yellow  tone  of  the  rest  of  the  illumination  pro- 
duced unfortunate  results  and  with  the  exception  of  the  centei 
lamp  in  each  group,  they  were  replaced  with  8  c-p.  frosted-bulb 
carbon-filament  lamps. 

Thirty  different  effects  can  be  obtained  in  the  lighting  of  this 
ceiling,  fourteen  of  which  are  really  beautiful.  The  most  inter- 
esting serie-  of  color  changes  is  obtained  by  starting  with  the 
mercury  arcs  alone,  and  adding  the  remainder  of  the  illuminants 
in  the  order  following:  1.  Nitrogen  vapor  lamps;  2.  flame  arcs; 
3.  sashes:  4.  exposed  incandescents.     The  most  remarkable  effect 
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is  obtained  by  using  only  the  nitrogen-vapor  lamps  and  flame  arc 
lamps.  The  ceiling  then  appears  like  a  huge  decorative  grate 
above  which  great  fires  are  burning.  The  maximum  intensity  on 
the  floor  then  reaches  0.7  foot-candle.  Adding  the  mercury-vapor 
lamps  to  this  combination  does  not  change  the  illumination  on  the 
floor,  due  to  the  form  of  the  reflectors  used  with  these  lamps,  but 
the  effect  produced  is  most  wierd  and  profoundly  alters  the  color 
of  the  walls  to  a  grey  blue.  The  light  from  the  nitrogen-vapor 
lamps  so  completely  detaches  the  panels  from  the  ceiling  that  they 
appear  actually  to  float  in  their  frames  and  the  slight  flickering 
of  the  light  that  sometimes  occurs  seems  to  set  them  moving. 

There  are  two  general  color  effects  obtainable  in  the  illumina- 
tion of  this  room,  each  of  which  may  be  varied  through  several 
tones ;  these  are  rose-gold  and  silver-blue. 

The  maximum  intensities  of  illumination  on  the  floor  for  differ- 
ent combinations,  readings  being  taken  at  station  A,  Fig.  14, 
were  as  follows : 

1.  All  lamps  iu  use 3.82  foot-candles 

2.  Exposed  incandescent  lamps  and  sashes  . .  3.10  foot-candles 

3.  Sashes  only 1 .46  foot-candles 

4.  Exposed  incandescent  lamps  only 1.74  foot-candles 

5.  Nitrogen  tubes  only 0.40  foot-candles 

6.  Flaming  arc  lamps  only 0.30  foot-candles 

The  above  readings  were  taken  directly  after  the  work  was 
completed  and  with  a  large  amount  of  accumulated  dust  and  dirt 
on  the  sashes.  The  results  are  therefore  the  worst  that  can  be 
obtained,  since  once  the  sashes  are  cleaned  the  box  reflectors  will 
prevent  any  serious  lowering  of  the  intensity  due  to  a  similar 
cause.  The  loss  due  to  dirt  amounted  to  at  least  20  per  cent,  of 
the  lamp  flux. 

This  loss  was  estimated  in  the  following  manner.  On  page 
293  of  Vol.  V.  of  the  Transactions  for  May  1910,  will  be  found 
a  formula  for  calculating  the  normal  illumination  at  a  point  on 
a  line  drawn  perpendicular  to  the  center  of  a  square  source 
whose  side  is  2a,  when  the  point  is  at  a  distance  h  below  the 
source.     It  is 

z  ^iwf^W tan"  (FT^l  •  < l  > 
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Where  t  is  the  apparent   illumination   at  unit  distance  perpen- 
dicular to  unit  source  area,  or  specific  intensity. 

\s  an  approximation  assume  that  the  illumination  normal  to 
the  reading  plane  at  its  central  point  is  due  to  a  flux  evenly  dis- 
tributed over  the  plane  of  the  ceiling  between  the  lines  M-M  in 
Fig.  14.  One  may  safely  assume  a  reflection  coefficient  in  this 
room  of  not  over  0.25 — the  floor  contributes  practically  nothing, 
being  covered  with  dark  green  upholstered  chairs.  As  that 
component  of  measured  I  due  directly  to  the  ceiling,  there  is 
obtained  the  value. 

1.46 
I  =  — !-  =  1. 21 
1-25 

also  a        50,  /;  =  65.0.    Substituting  in  (i), 

I  =  i.ai=4*{? -^ rp  tan"17 ^ ^  1 

1.(4,225  +  2,5oo)»  (4,225  +  2,500)^J 

=  4/ [0.568  X  0.516], 

whence  i        1.03. 

The  total  area  M-M  is  8,836  sq.  ft.     The  total  net  glass  area  in 

1,000  sq.   ft.     Hence  the  apparent  specific  intensity  per  sq.   ft. 

glass  is  8.83  X  1.03  =  9.10  candles.     The  flux  emitted  per  sq. 

ft.  is  therefore,  3.14  X  9.10  —  28.574  lumens,  and  the  total  flux 

emitted  by  the  sashes  is  28,574  lumens. 

At  the  time  this  test  was  run  the  lamps  in  the  reflectors  were 

new  and  operating  at  approximately  the  proper  voltage.     Since 

there  were  858  60-watt  clear-bulb  tungsten  lamps  so  used,  the 

total   flux   emitted   by  them   was   nearly   275,000   lumens.     The 

approximate  efficiency  of  the  reflectors  and   sashes  was  there- 

r  28,574 

tore =  0.104,  or  practicallv  10  per  cent. 

275,000  '         r 

If,  then,  it  be  assumed  that,  allowing  for  the  change  in  shape 
mentioned  above  the  efficiency  of  the  reflector  with  clean  sash 
*s  35  Per  cent.,  and  deducting  20  per  cent,  of  this  for  flux 
obstructed  by  mulb'ons  and  plaster  projections,  the  net  possible 
useful  efficiency  is  28  per  cent.,  or  the  net  useful  flux  is  77,000 
lumens.  The  actual  loss  of  flux  through  dirty  sashes  was  there- 
fore somewhere  between  18  and  25  per  cent,  of  the  generated  flux. 

The  illumination  curves  shown  in  Fig.  14  were  plotted  from 
the  average  of  five  readings  at  each  station  on  a  plane  3.5  ft. 
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above  the  floor.  The  illumination  of  course  drops  off  rapidly 
at  stations  E  and  I  directly  under  the  balcony.  Curve  I  is  taken 
with  all  lamps  in  use.  Curve  2  is  taken  with  sashes  only.  Curve  3 
is  taken  with  exposed  incandescent  lamps  only,  before  the  25-watt 
frosted-tip  tungsten  lamps  had  been  replaced  with  8-c-p.  frosted- 
bulb  carbon  filament  lamps.  Curve  4  is  a  curve  calculated  for  the 
sashes  only  by  means  of  the  formula  given  above  assuming  that 
the  total  flux  through  the  sashes,  figured  on  a  basis  of  28  per  cent, 
efficiency,  is  averaged  over  the  entire  ceiling  area,  within  the  lines 
M-M.  This  should  be  compared  with  curve  5  which  is  curve  2 
with  the  intensity  at  each  station  multiplied  by  2.8  to  allow  for 
loss  by  dirt. 

In  calculating  the  illumination  plotted  in  curve  4  the  following 
constants  were  used:  The  total  glass  area  is  1,000  sq.  ft.,  the 
total  flux  transmitted  on  a  basis  of  28  per  cent,  efficiency  is 
77,000  lumens.  The  flux  transmitted  per  sq.  ft,  is  yy  lumens. 
The  apparent  specific  intensity  per  sq.  ft.,  assuming  a  perfect 
spherical  polar  surface,  is  therefore  25  foot-candles.  Averaging 
the  flux  over  the  total  ceiling  area  of  8,836  sq.  ft.  within  the  lines 
M-M,  Fig.  14  there  is  a  flux  per  sq.  ft.  of  almost  10  lumens  and 
an  apparent  specific  intensity  per  sq.  ft.  of  3  foot-candles.  This 
is  the  value  of  i  used  in  calculating  the  intensities  plotted  in 
curve  4.  The  reflection  coefficient  has  been  taken  at  0.25  and  is 
assumed  constant. 

Considerable  deviation  between  these  two  curves  is  to  be 
expected  particularly  near  the  side  walls,  but  it  should  be  noted 
that  they  are  of  the  same  general  character  and  that  the  flux  in 
the  hypothetical  case  (28  per  cent.)  is  nearly  three  times  the  flux 
in  the  test  case.     (10  per  cent.) 

The  112  groups  of  rosettes  on  the  under  side  of  the  ceiling 
were  first  equipped  with  one  clear-bulb  40-watt  tungsten  lamp 
and  four  frosted-tip  25-watt  tungsten  lamps  per  group — a  total 
of  112  40-watt,  and  448  25-watt  lamps.  As  mentioned  above, 
the  25-watt  lamps  were  afterwards  exchanged  for  8  c-p.  frosted- 
bulb  carbon-filament  lamps. 

The  power  consumption  per  sq.  ft.  of  floor  area  is,  for  the 
sashes,  4.03  watts;  for  the  exposed  incandescent  lamps,  all 
tungsten  1.20  watts,  and  for  part  8  -c-p.  carbon  lamps,  1.14  watts. 
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The  total  power  "let  loose"  above  this  ceiling  including  the  ex- 
posed incandescent  lamps  amounts  to  117.20  virtual  kilowatts 
with   all  lamps  in  use. 

LIGHTING  OF   THE   BANQUET   HALL. 

The  lighting  of  the  banquet  hall  was  a  comparatively  simple 
matter  compared  to  the  lighting  of  the  auditorium — no  special 
difficulties  were  anticipated,  and  none  were  met. 


Fig.  16. — View  above  banquet  hall  ceiling  showing  reflectors. 

The  appearance  of  this  room  by  night  is  truly  remarkable.  It 
is  extraordinarily  festive  and  gay  and  has  an  almost  toxic  effect 
on  the  beholder.  Its  keynote  is  joyousness,  and  when  enlivened 
by  a  dance  or  a  feast  it  is  a  wonderful  sight. 

As  above  explained,  there  are  49  glass  sashes  in  the  banquet 
hall  ceiling,each  sash  forming  the  top  of  a  ceiling  coffer.  The 
area  of  each  sash  is  25  sq.  ft.  from  which  10  per  cent,  should  be 
deducted  for  sash  bars  and  mullions,  leaving  22.5  sq.  ft.  net 
glass  area  per  sash — a  total  glass  area  of  1,100  sq.  ft.     Above 
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each  sash  is  a  box  reflector  similar  to  those  used  over  the  sashes 
in  the  auditorium  ceiling.  Each  reflector  contained  eight  40-watt 
clear-bulb  112-volt  tungsten  lamps.  In  Fig.  16  is  shown  a  view 
of  the  space  above  ceiling  of  the  banquet  hall. 

A  plan  of  the  body  of  the  banquet  hall  is  reproduced  in  Fig.  15. 
On  this  is  shown  a  quarter  plan  of  the  ceiling,  the  sashes  being- 
indicated  by  the  numeral  1.  Illumination  curves  are  also  given 
on  this  plan.  Curves  1,  2,  3,  4  and  7  were  plotted  from  the  read- 
ings given  in  the  figure.  Curve  7  is  plotted  from  the  readings  in 
curve  2  corrected  for  reflection  and  multiplied  by  2.  Curves  3 
and  4  were  plotted  from  readings  taken  with  only  the  central 
sash  in  use.  In  these  last  tests  the  central  reflector  was  equipped 
with  eight  60-watt  lamps  and  both  the  reflector  and  the  sash  were 
carefully  cleaned.  The  dip  in  curve  4  between  stations  C  and  D 
is  due  to  the  fact  that  the  curtain  wall  in  the  reflector  between 
the  rows  of  lamps  is  set  along  the  A-I  axis  and  at  this  point 
partly  cuts  out  the  light  from  the  south  row  of  lamps. 

Curve  5  is  plotted  from  values  of  illumination  calculated  at  the 
several  stations  in  the  manner  described  for  curve  1,  Fig.  14.  In 
this  case  the  total  ceiling  area  is  5,476  sq.  ft.  and  the  equivalent 
flux  per  sq.  ft.  is  therefore  8.4  lumens  with  an  equivalent 
specific  intensity  of  2.7  foot-candles.  Allowance  should  be  made' 
in  comparing  these  curves  for  the  fact  that  the  gallery  fixtures 
were  lighted  during  the  test  plotted  in  curves  1  and  2.  Their 
effect  on  the  floor  of  the  hall  however,  is  not  very  great — 0.5 
foot-candles  at  the  most  near  stations  B  and  F.  Curve  6  is 
plotted  from  calculations  for  comparison  with  curve  4.  In  com- 
paring curves  1  and  5  it  should  be  noted  that  in  the  case  of  curve 
1  the  coffer  transoms  cut  off  the  direct  light  on  the  floor  from 
any  one  sash  about  37  feet  from  the  projection  on  the  floor  of  the 
sash  center. 

On  a  basis  of  40  per  cent,  efficiency  with  clean  sashes,  the  loss 
by  accumulated  dirt  is  found  as  follows:  Measured — I  —  2.86 
at  station  A.  Deducting  0.46  for  illumination  due  to  gallery 
lamps  and  allowing  a  reflection  coefficient  of  20  per  cent,  gives 
1  =  2.00.  Total  generated  flux  per  sash  =  8  lamps  X  300 
lumens  =  2,400  lumens.  Net  lumens  per  sq.  ft.  glass  on  a  basis 
of  40  per  cent,  efficiency  and  10  per  cent,  loss  by  mullions,  etc. 
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(giving  a  net  efficiency  of  36  per  cent.)  =  34  lumens.  Apparent 
specific  intensity  per  sq.  ft.  glass  =  10.8.  Total  glass  area  = 
1, too  sq.  ft.  Total  area  ceiling  =  5,476  sq.  ft.  Equivalent 
specific  intensity  per  sq.  ft.  ceiling  =  2.2.  Calculated  I  at  sta- 
tion A  =  5.60.  The  apparent  value  of  i  per  sq.  ft.  of  ceiling  that 
would  produce  a  value  of  I  ==  2.00  is  1.00.  The  apparent 
equivalent  flux  per  sq.  ft.  of  ceiling  is,  therefore,  3.14  lumens. 
The  total  apparent  flux  is  then  3.14  lumens  X  5>476  sq.  ft.  = 
17.200  lumens.     The  total  generated  flux  is  117,600  lumens.   The 


Fig.   17. — Section  of  foyer. 

actual  efficiency  is  therefore  20  per  cent,  giving  an  approximate 
loss  by  dirt  of  20  per  cent,  of  the  generated  flux. 

That  the  estimated  loss  by  dirt  is  approximately  correct  is 
shown  by  the  comparison  of  curves  4  and  6;  the  first  being  the 
curve  obtained,  as  above  explained,  by  readings  from  the  central 
sash  alone  when  clean,  and  the  second  being  plotted  from  calcula- 
tions using  the  following  constants :  Generated  flux  =  3,648 
lumens ;  sq.  ft.  glass  =  22.5  net ;  flux  per  sq.  ft.  —  164  lumens ; 
net  flux  per  sq.  ft  glass  at  40  per  cent,  efficiency  and  10  per  cent. 
loss  by  mullions  =  60  lumens ;  i  =  20  candles. 

LIGHTING  OF  THE  ENTRANCE  FOYER. 

It  was  originally  proposed  that  the  lighting  of  the  vaulted  foyer 
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ceiling  should  be  accomplished  by  completely  concealed  light 
sources.  The  design  provided  a  projecting  cornice  on  each  side 
and  end  and  a  cove  was  built  in  the  upper  side  of  this  cornice  of 
sufficient  size  to  receive  a  trough  reflector  using  silvered  Belgian 
rippled  glass  as  a  reflecting  medium.  No  reflector  was  provided 
in  the  cornice  under  the  tympanii  forming  the  ends  of  the  vault. 
There  are  60  25-watt,  112-volt,  clear  bulb  tungsten  lamps  with 
axis  horizontal  in  each  reflector. 

The  reflector  was  designed  to  so  distribute  the  flux  that  the 
greatest  intensity  would  be  in  the  direction  of  the  apex  of  the 
vault  and  would  fall  off  gradually  toward  the  spring  of  the 
vault. 

A  dense  opal  glass  screen  was  provided  for  the  entire  length  of 
each  reflector  arranged  so  that  it  could  be  swung  about  the  side 
attached  to  the  reflector  casing.  After  the  reflector  was  installed 
the  screen  was  adjusted  so  as  to  intercept  any  direct  light  on  the 
plaster  work  immediately  above  the  cornice.  Any  irregularities 
were  removed  by  tinting  the  screen.  The  open  face  of  the  reflec- 
tor was  then  glazed  with  clear  glass  to  keep  out  dust. 

The  effect  of  the  very  careful  work  with  this  reflector  is  a 
good  example  of  what  was  meant  above  when  I  spoke  of  the 
relation  of  light  to  architecture.  The  illuminating  result  was 
exactly  that  intended.  The  brightest  part  of  the  vault  was  the 
part  farthest  from  the  reflector,  the  darkest  part  that  just  over 
the  reflector.  A  moulding  just  above  the  reflector  parallel  to  the 
cornice  consisting  of  an  ogee  below  painted  blue  and  a  fillet 
above  painted  red  was  less  brightly  illuminated  on  the  round  of 
the  ogee  than  was  the  perpendicular  plaster  surface  one  foot 
above.  Furthermore,  the  uninitiated  could  not  tell  where  the 
light  came  from.  The  ceiling  was  luminous,  and  that  was  all. 
But  the  aesthetic  result  was  that  the  vault  appeared  flat,  the 
cornice  receded  and  became  apparently  a  decorated  spring  band 
in  the  plane  of  the  spandrils  of  the  longitudinal  window  arches. 
The  architecture  was  ruined. 

The  work  was  begun  over  again,  and,  as  luck  would  have  it, 
when  the  reflector  was  turned  over  bodily  on  its  axis  through 
a  few  degrees,  the  ceiling  became  evenly  illuminated  from  the 
back  of  the  cove  to  the  apex  of  the  vault ;  a  little  further,  and  the 


JONES:       ALLEGHENY    COUNTY    SOLDIERS      MEMORIAL  39 


40      TRANSACTIONS    OF    ILLUMINATING    ENGINEERING    SOCIETY 

brightest  part  was  just  over  the  cove.  The  cornice  at  once  ac- 
quired its  full  value,  and  the  vault  became  hollow.  But  still 
the  lighting  was  too  smooth — the  foyer  had  lost  some  of  its 
depth.  To  remedy  this  the  reflector  glazing  was  replaced  with 
colored  glass — flashed  ruby  being  used  under  the  spring  of  each 
of  the  longitudinal  arches,  and  burnt  amber  between.  The  re- 
sult of  this  treatment  was  literally  to  paint  the  vault  with  light. 
It  is  an  extraordinary  fact  that  the  use  of  colored  light  to  tint 
surfaces  in  architectural  compositions  has  never  been  developed. 
Here,  indeed,  is  a  new  theme  in  illumination,  and  one  that  has 
unlimited  possibilities ,  if  studied  intelligently.  Furthermore  the 
use.  of  grilles  or  decorative  silhouettes  interposed  between  the 
light  source  and  the  surfaces  to  be  lighted  so  as  to  cast  shadow 
arrangements  can  often  be  employed  with  telling  effect.  In  this 
foyer  there  is  such  a  result  in  its  simplest  form  where  the  fan 
shaped  darker  ruby  areas  on  the  arch  spandrils  melt  into  the  rosy 
amber  areas  of  the  main  vault. 

The  photograph  shown  in  Fig.  i  was  taken  before  the  colored 
glass  had  been  installed,  or  the  ruby  color  would  have  shown 
up  in  the  plate  as  shadows. 

The  readings  plotted  in  curves  i  and  2,  Fig.  14,  were  taken 
with  the  final  arrangement,  and  the  screen  of  the  luximeter 
looking  like  a  pousse-cafe.  The  readings  plotted  in  curves  3 
and  4  were  taken  without  the  color  screens  and  with  the  sun- 
burst fixtures  behind  the  columns  and  in  the  corridors  lighted. 
Curve  5  is  plotted  from  calculations  assuming  that  the  vault  is 
evenly  illuminated  by  the  reflector  so  as  to  produce  a  constant 
normal  reflected  specific  intensity  over  the  vault  surface  of  1.00 
foot-candles.  It  will  be  recalled  that  in  the  papers  on  "Finite 
Surface  Sources,"  the  author  drew  attention  to  the  fact  that 
no  matter  what  the  shape  of  the  luminous  source,  provided  its 
aperture  is  in  a  plane  and  the  flux  emitted  per  unit  area  is  con- 
stant and  distributed  according  to  the  cosine  law,  it  may  be  treat- 
ed as  a  plane  source  having  the  area  of  its  aperture  and  a  flux 
per  unit  area  the  same  as  that  of  the  real  source.  This  relation 
reduces  the  calculations  of  the  illumination  at  any  point  due  to 
this  semi-cylindrical  surface  with  semi-circular  ends  to  the  cal- 
culations for  a  rectangular  source  in  the  plane  of  the  spring  line 
of  the  vault. 
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LIGHTING    OF    THE    MEMORIAL    CORRIDOR. 

The  memorial  corridor  is  divided  into  ten-foot  bays  with  re- 
cesses for  memorials  and  emblems.  The  ceiling  of  each  bay 
forms  a  richly  ornamented  and  highly  colored  coffer  into  the 
top  of  which  is  worked  a  gold-leafed  sunburst  three  feet  in 
diameter.  Directly  below  the  central  part  of  this  sunburst  is  a 
circular  silvered  rippled  Belgian  glass  reflector  in  the  form  of 
a  truncated  cone.  Below  this  is  a  spinning  supporting  radially 
seven  25-watt,  clear-bulb,  tungsten  lamps  screened  by  a  cast  glass 
sunburst.  The  glass  sunburst  is  supported  by  a  bit  of  leaf 
work  in  bronze.  See  fixture  type  N.  Fig.  18.  An  illumination 
curve  for  this  corridor  is  plotted  in  Fig.  14. 

FIXTURES. 

All  of  the  principal  rooms  and  the  exterior  of  the  entrances 
are  lighted  either  wholly  or  in  part  by  more  or  less  emblematic 
fixtures  done  in  cast  bronze.  The  drawings  for  some  of  these 
fixtures  prepared  by  the  writer  from  the  architect's  sketches  are 
reproduced  in  Figs.  18  and  19.  The  details  of  design  were  how- 
ever considerably  modified  in  the  models  prepared  by  Mr.  Charles 
Keck  under  the  architects  directions.  The  glassware  in  general 
consists  of  alabaster  glass  balls  which  prevent  any  appearance 
of  images  of  the  illuminants.  The  absorbtion  is  about  0.45,  but, 
on  the  other,  hand,  the  intrinsic  brilliancy  of  the  glass  surface 
is  low  and  the  diffusion  is  so  perfect  that  the  physiological 
efficiency  of  the  illumination  is  very  high.  The  minor  rooms 
are  lighted  with  simple  spun  brass  fixtures  equipped  with  opal 
reflectors. 
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DISCUSSION. 

Mr.  Albert  Jackson  Marshall: — It  is  decidedly  refreshing  to 
have  a  paper  presented  before  our  Society  that  while  dealing, 
in  a  measure,  with  the  purely  physical  side  of  the  problem  yet 
treats  so  intelligently  with  other  very  important  phases  of  il- 
luminating engineering.  Papers  dealing  with  architectural  prob- 
lems are  rare  and  very  welcome.  The  Illuminating  Engineering 
Society  has  unquestionably  done  a  vast  amount  of  good,  on  ac- 
count of  its  research  work  and  investigations  along  the  utili- 
tarian sides  of  the  work.  The  effect  of  its  efforts,  however, 
are  shown  for  the  most  part  in  unimportant  installations,  which 
condition  is  largely  due  to  the  fact  that  the  so-called  illuminating 
engineer  has  caused  the  architect,  who  has  in  charge  the  im- 
portant installations,  to  feel  that  he  had  little  or  no  regard  for 
anything, but  so  many  watts  per  square  foot,  which  would  pro- 
duce a  given  foot-candle  intensity  of  illumination.  Not  only 
has  the  illuminating  engineer  caused  this  feeling  to  prevail,  but 
in  many  instances  he  has  most  violently  and  ofttimes  most  un- 
intelligently  criticized  the  architect  for  what  he,  the  engineer, 
considers  to  be  horrible  examples.  The  architect  does  not  know 
perhaps  as  much  about  the  purely  physical  side  of  the  work  as 
the  engineer,  but  on  the  other  hand  the  engineer  does  not  under- 
stand "effects"  as  does  the  architect.  It  has  been  my  experience 
that  when  the  architect  is  approached  in  a  manner  which  indi- 
cates a  desire  to  cooperate,  rather  than  to  dictate,  it  is  pos- 
sible to  get  together  on  a  working  basis  and  create  effects  with 
efficient  radiators  and  accessories  which  permit  of  economic 
maintenance. 
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The  author  has  afforded  a  very  good  example  of  what  can  be 
accomplished  with  intelligent  cooperation  with  the  architect.  It 
is  perhaps  true  that  the  installation  of  the  Allegheny  County 
Soldiers'  Memorial  is  the  most  unique  scheme  ever  employed 
in  a  building,  involving  not  only  the  obtaining  of  predetermined 
effects  as  conceived  by  the  architect  but  the  getting  of  these 
effects  through  the  agency  of  mathematics  and  physics. 

In  a  certain  paragraph  the  author  says :  "It  is  of  course  only 
in  comparatively  few  instances  that  the  use  of  colored  light  in 
the  design  can  be  attempted  but  there  are  several  interiors,  not- 
ably in  theatres,  and  other  similar  auditoriums  where  some  such 
treatment  would  have  been  desirable.  Not  less  daring  did  this 
idea  seem  to  the  writer  when  suggested  by  the  architects  than 
the  then  proposed  architectural  treatment  of  the  principal  rooms 
in  the  Memorial.  The  author  is  free  to  confess  that  he  long 
doubted  the  possibility  of  achieving  the  results  desired  and  be- 
lieved that  the  effect  would  be  decidedly  disappointing.  How- 
ever, Mr.  Hornbostel's  enthusiasm  and  his  undoubted  genius 
eventually  embued  the  writer  with  some  of  the  same  faith,  and 
the  result  fully  confirms  the  architect's  emphatic  belief  in  the 
beauty  of  his  conception." 

The  point  in  this  paragraph  to  which  I  particularly  wish  to 
direct  attention  is  that  the  idea  was  suggested  by  the  architect. 
Those  who  have  believed  that  the  architect  was  incapable  of  sug- 
gesting lighting  schemes,  which  would  be  considered  good,  as 
judged  by  standards  as  set  up  by  some  illuminating  engineers 
would  doubtlessly  be  quite  surprised  in  knowing  that  this  won- 
derful lighting  installation  was  not  only  conceived  by  the  archi- 
tect, but  it  was  the  architect  who  in  having  faith  in  bis  ideas 
urged  the  engineer  to  push  them  to  a  successful  conclusion. 
This  in  no  sense  detracts  from  the  excellent  work  of  the  engineer, 
but  shows  clearly  that  the  architect  is  not  only  in  a  position  to 
authorize  the  carrying  out  of  lighting  schemes  in  the  buildings 
which  he  is  designing,  something  only  in  rare  instances  that 
the  engineer  is  capable  of  doing,  but  he  also  has  the  ability 
to  conceive  effects  which  are,  to  a  high  degree,  original  and  sat- 
isfying. 

On  many  occasions,  before  this  Society  and  elsewhere  I  have 
urged  that  those  interested  in   furthering  the  intelligent  use  of 
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artificial  light  obtain  the  hearty  cooperation  of  the  architects. 
This  cooperation  is  possible  to  obtain  provided  the  engineer  will 
knock  out  of  himself  some  of  the  exaggerated  ideas  that  he  has 
of  his  ability  with  a  corresponding  little  regard  for  the  ability 
of  the  architect.  The  engineer  should  realize  that  after  all  is 
said  and  done,  when  a  lighting  system  has  been  designed  in  the 
majority  of  cases,  it  must  be  employed  in  the  building  which 
the  architect  has  designed  and  unless  such  scheme  is  acceptable 
to  the  architect  it  will  not  be  employed,  at  least  not  in  the  man- 
ner in  which  the  engineer  has  designed  it.  When  the  architect 
and  the  engineer  work  with  a  clear  understanding  of  the  part 
that  each  plays,  or  should  play,  in  the  work,  the  lighting  schemes 
that  they  employ  in  buildings  are  at  once  a  credit  to  the  archi- 
tect and  to  the  engineer. 

The  author  comments  on  the  promiscuous  use  of  tungsten 
lamps.  The  tungsten  lamp,  like  every  other  good  thing,  is  suit- 
able for  certain  work,  but  it  is  not  a  panacea  for  all  lighting  ills. 
Judging  by  its  use,  however,  one  would  be  inclined  to  feel  that 
those  responsible  for  such  usage  would  consider  it  in  the  panacea 
class.  An  effort  has  been  made  by  some  people  to  popularize  the 
use  of  the  tungsten  lamp  in  the  home.  Some  mere  men  have 
gotten  together  and  have  been  so  foolish  as  to  think  that  they 
were  in  a  position  to  dictate  as  regards  the  lighting  of  the  home, 
apparently  ignoring  the  true  master  of  the  case,  which  is  the 
woman.  Most  men,  especially  those  who  reckon  pleasure  in 
dollars  and  cents  and  likewise  those  who,  in  the  designing  of 
lighting  installations  can  see  nothing  but  lumens  and  foot-candles, 
fail  to  appreciate  that  while  the  cold,  hard,  light  of  the  tungsten 
lamp  is  permissible  in  certain  rooms  in  the  home,  yet  it  is  prac- 
tically impossible  to  obtain  from  untreated  radiators  the  mellow 
effects  produced  by  treated  radiators  or  those  approaching  the 
kerosene  and  candle  flames  or  by  the  very  good  old  standby  of 
recent  times,  the  carbon  filament  incandescent  electric  lamp. 

There  is  a  tendency  to  divorce  absolutely  from  all  incandescent 
electric  lamps  except  those  of  the  tungsten  type.  Perhaps  after 
we  realize  that  the  desired  results  can  not  thus  be  obtained  we 
may  profit  by  our  experience  and  hereafter  treat  with  lighting 
installations  in  a   sane,   logical  and  intelligent  manner. 

Mr.  Henry  Hornbostel: — It  is  very  curious  to  realize  that  il- 


4O      TRANSACTIONS   OE    ILLUMINATING    ENGINEERING    SOCIETY 

lumination  of  buildings  nowadays  may  be,  and  often  should  be 
different  from  the  illumination  of  buildings,  say  30  or  40  years 
ago.  Then  it  was  a  question  of  getting  light.  To-day  it  is  not 
so  much  a  question  of  merely  getting  light  as  it  is  a  question  of 
getting  a  charming,  fascinating,  pretty  and  useful  light.  Yet 
it  is  very  curious  fact  that  the  old  tradition,  or  the  spirit  of 
imitation,  or  the  spirit  of  custom,  still  shows  itself  in  the  work 
of  a  great  number  of  our  illuminating  engineers  and  architects. 
The  old-fashioned  idea  still  clings  to  us,  and  the  new  concep- 
tion of  things  is  taken  up  in  a  rather  hesitating  way. 

Illumination  to-day  is  like  painting;  it  is  like  decorating  a 
wall.  Some  time  ago  walls  were  so  constructed  as  to  make 
them  warm.  To-day  the  walls  are  so  decorated  to  make  them 
beautiful.  The  same  tendency  is  or  should  be  true  of  illumina- 
tion. To-day  one  should  illuminate  his  room  so  as  to  make  it 
charming,  so  that  the  complexion  looks  flattering,  especially  in 
the  case  of  rooms  used  for  festive  purposes.  It  is  noteworthy 
that  in  the  homes  the  little  standing  lamp,  with  a  little  shade 
over  it  is  coming  more  and  more  into  prominence.  The  reason 
is  that  this  type  of  lighting  device  makes  a  person  look  best. 
It  makes  everybody  in  the  home  look  pleasant  and  charming.  A 
person  does  not  care  whether  it  is  or  is  not  efficient,  or  whether 
its  radiance  is  very  intense  or  not,  or  widely  distributed,  for  if  he 
wants  to  read  a  book  he  goes  to  the  little  lamp  and  reads  there. 
Thus,  the  tendency  to  flood  everything  with  light  that  showed  it- 
self shortly  after  the  cheap  use  of  electric  light  was  discovered,  so 
that  every  interior  was  a  glare  with  unnecessary  light  that  made 
one  decidedly  uncomfortable  when  he  first  entered  from  the 
dark  streets,  has  been  gradually  overcome  by  common  sense  and 
good  taste.  Such  over-lighted  interiors  can  never  be  made  to 
feel  homelike.  They  have,  in  fact,  a  curious  psychological  effect 
— they  produce  a  nervous  excitement  that  makes  a  person  desire 
to  screech  and  dance  and  amuse  himself  in  a  way  that  will  re- 
lease a  maximum  of  nervous  energy.  Most  interiors  should,  in 
fact  appear  homelike,  and  must  be  lighted  so  that  they  will  so 
appear.  On  the  other  hand  the  interior  that  is  to  be  used  for 
amusement  must  be  considered  solely  from  the  point  of  view  of 
the  use  to  which  it  will  be  put  and  lighted  appropriately.  One  does 
not  want  to  listen  to  fine  music  in  a  gay  ballroom,  nor  does  he 
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feel  like  dancing  in  a  church.  Economy  from  the  viewpoint  of 
illumination  can  have  but  a  very  minor  place  in  the  study  of 
such  cases.  The  ballroom,  for  instance,  is  a  place  where  people 
go  to  have  a  good  time.  It  is  a  luxury  and  no  place  for  the 
practice  of  economy ;  it  must  be  lighted  in  the  best  way  so  as  to 
make  it  cheerful,  and  brighr.  and  joyous,  and  efficiency  as  an  il- 
luminator must  be  measured  by  such  results  and  not  at  all  on 
the  basis  of  cost  per  night  to  operate.  The  value  of  the  in- 
stallation is  then  solely  in  the  fact  that  everybody  enjoys  danc- 
ing in  that  room.  In  fact,  the  proprietor  simply  says,  "Go  on 
and  spend  as  much  as  you  want,  as  long  as  I  can  get  customers." 
That  is  modern  economy.     That  is  the  spirit  of  the  times. 

But  brilliancy  is  not  the  only  scale  to  play  upon.  There  is 
also  the  use  of  colored  lights  to  be  considered,  and  here  is  a 
field  that  possesses  almost  unlimited  possibilities.  One  can  do 
with  colored  lights  almost  anything  he  wishes.  They  may  be 
used  as  the  painter  uses  his  tones  and  tints  in  decorating  an  in- 
terior. A  person  can  decorate  a  room  in  colored  lights  and  make 
it  ridiculous,  and  again  he  can  make  it  dignified.  He  can  use 
colored  lights  in  the  scheme  of  decoration  so  as  to  accent  a  re- 
ligious note  or  he  can  do  exactly  the  opposite.  It  is  like  work- 
ing different  tones  into  a  painting,  and  in  fact  he  is  doing  far 
more  than  merely  lighting  the  room.  He  is  producing  effects 
that  will  be  pleasant  at  night  time  and  may  add  decidedly  to  its 
charm  and  beauty. 

Xow  this  is  something  entirely  different  from  anything  that 
could  ever  be  done  with  the  old  candle  or  gas  lamp.  It  is  en- 
tirely different  from  the  old  idea  of  making  light  merely  to 
enable  one  to  see  and  walk  around.  It  is  an  absolutely  new  con- 
ception in  lighting,  and  the  tradition  and  custom  which  still 
keeps  one  thinking  only  of  the  old  methods  of  lighting,  prevent 
progress.  In  fact  there  is  available  an  essentially  and  purely 
modern  artistic  medium — artificial  light. 

There  is  a  little  example  of  the  effect  of  habit  and  custom 
which  is  perfectly  delightful,  and  which  I  notice  every  once  in 
a  while,  and  always  bring  up  as  an  example.  When  ferry  boats 
with  the  paddle  wheel  along  the  side  were  first  introduced, 
the  paddle  wheel  box  was  emphasized  by  means  of  a  sort 
of  colored  sunburst  or  fan.     Later  the  propellor  drove  out  the 
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side  wheeler  but  up  to  very  recently  propellor  boats  still  went  to 
and  fro  across  the  North  and  East  Rivers  with  the  sunburst  or 
fan,  or  some  new  sort  of  decoration  in  the  middle,  still  suggesting 
the  presence  of  the  paddle,  and  it  took  almost  three  years  to  get 
away  from  that  curious  decoration  of  the  paddle  wheel  box, 
and  to  make  ferry  boats  like  the  side  of  a  car.  This  example 
shows  the  spirit  of  imitation  and  the  restriction  of  custom  pre- 
vents the  mass  at  large  from  really  making  rapid  progress. 

The  fact  that  there  is  now  available  a  medium  which  is  not 
the  medium  of  thirty  or  forty  years  ago,  but  an  entirely  new  one, 
is  the  foundation  on  which  to  build.  If  the  medium  is  not  used 
correctly  and  carefully,  one  can  destroy  what  he  is  trying  to  do; 
it  requires  knowledge,  experience,  restraint,  and  careful  study 
to  get  just  the  correct  results.  I  remember  distinctly  that  when 
I  suggested  this  ceiling  to  Mr.  Jones,  I  said,  "It  is  going  to  be 
just  like  the  advertising  signs  on  Broadway.  Something  that 
is  amusing,  playfully  ridiculous,  and  laughable.  These  signs 
don't  mean  anything  except  advertising,  but  they  do  that  well, 
and  our  ceiling  shall  do  the  same  for  Pittsburgh."  Well  if  the 
ceiling  had  produced  the  same  effect  as  a  luminous  sign,  we 
would  have  failed  wretchedly,  and  that  was  the  great  danger  of 
which  we  were  always  afraid.  But  finally  when  the  ceiling  was 
finished,  we  felt  that  the  only  way  it  could  be  judged  was  by  the 
audience,  and  not  by  ourselves.  So  we  were  naturally  anxious 
to  see  the  way  the  public  would  take  it  and  how  people  would 
act,  when  the  building  was  opened  for  use.  The  greatest  satis- 
faction for  me  in  the  result  was  in  being  present  at  three  or 
four  entertainments  and  at  the  dedication  of  the  building,  and 
in  noticing  the  serious  behavior  of  the  audience.  Nobody  laughed. 
Nobody  smiled.  All  acted  as  though  they  felt  themselves  to  be 
in  the  presence  of  something  glorious. 

Mr.  G.  W.  Jacoby :— As  an  architect  I  want  to  congratulate 
Mr.  Hornbostel  on  the  marvelous  effect  he  has  obtained  in  this 
building,  which,  I  think,  points  the  way  toward  a  new  field  for 
the  combined  efforts  of  the  illuminating  engineer  and  the  archi- 
tect. I  do  not  know  that  the  architect  has  ever  before  even 
thought  of  attempting  anything  in  this  line.  I  want  to  express 
the  appreciation  the  architects  throughout  the  country  must  feel 
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of  the  work  that  Mr.  Hornbostel  and  Mr.  Jones  have  done  in 
achieving  this  greatest  of  successes. 

Mr.  G.  H.  Stickney: — Recently,  I  had  the  pleasure  of  seeing 
the  illumination  which  has  been  described,  under  conditions  that 
were  rather  interesting.  I  was  attending  a  convention  of  engi- 
neers connected  with  steel  mills.  One  of  the  features  of  the 
convention  was  a  visit  to  the  building  to  see  the  illumination. 
We  witnessed  the  artistic  combinations  of  light  one  after  another 
in  almost,  as  we  might  say,  a  symphony.  Being  interested  par- 
ticularly in  this  installation,  I  took  pains  to  watch  the  men  and 
see  what  effect  it  would  have  and  what  they  thought  of  it. 
It  was  observed  that  they  would  always  speak  in  whispers  or 
low  tones.  It  seemed  to  bring  out  the  feeling  of  reverence ; 
there  was  a  sort  of  a  hush.  In  another  way  there  seemed  to  be 
a  feeling  as  if  it  were  something  beyond  them.  They  did  not  quite 
understand ;  they  did  not  know  just  what  it  meant ;  they  had  not 
become  accustomed  to  it  or  the  thought  of  it.  I  do  not  think 
anybody  questioned  for  a  minute,  but  what  it  was  a  masterpiece 
which  they  were  trying  to  study  and  trying  to  understand  and 
to  interpret. 

And  looking  at  the  undertaking  again  from  another  view, 
this  installation  is  remarkably  interesting  in  that  it  brings  out  so 
much  of  originality.  A  daring  thing  has  been  undertaken  and 
is  being  made  a  splendid  and  beautiful  success. 

Mr.  Edgar  EUinger : — One  point  has  been  brought  very 
forcibly  to  my  attention,  namely  the  relation  between  the  original 
imaginary  effect  and  the  actual  results  produced.  In  conceiving 
this  wonderful  illumination  there  was  anticipated  an  effect  that 
might  not  exactly  harmonize  with  the  imposing  structure :  it 
was  thought  that  the  result  would  be  too  striking,  intense  and 
startling,  but  instead  actual  conditions  reveal  complete  harmony 
and  an  inspiring  illumination.  The  paper  clearly  shows  that 
between  the  time  of  the  original  thought — its  planning  and  work- 
ing out — and  the  actual  realization,  there  was  a  natural  toning 
down  which  brought  the  result  well  within  the  range  of  good 
practice.  It  is  also  a  marked  lesson  to  show  that  the  imagina- 
tion can  and  should  be  drawn  upon  almost  to  its  fullest  extent  in 
planning  new  illuminating  effects. 

Mr.  J.  B.   Taylor: — What  is  the  general  quality  of  the   light 
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when  all  the  different  lamps  are  turned  on;  the  pink  of  the 
nitrogen  tubes,  the  blues  and  green  of  the  mercury  lamps,  the 
yellow  of  the  flaming  arcs  and  the  more  or  less  white  of  the 
incandescent  lamps,  are  all  added  together?  I  am  interested  to 
know  what  the  resultant  color  is,  and  whether  any  test  has  been 
made  to  determine  it. 

What  Mr.  Marshall  said  about  some  applications  of  the  tung- 
sten lamp  is  quite  true.  The  polite  evening  light  seems  properly 
more  of  a  yellow  color  than  a  white.  While  much  is  said  about 
the  daylight  quality  of  certain  lamps  there  is  little  question  but 
that  the  yellow  light  is  more  pleasant  for  evening.  I  recollect 
very  well  a  case  where  tungsten  lamps  had  been  put  in  on 
account  of  high  efficiency,  but  a  few  weeks  later  they  had  been 
dipped  in  something  yellow,  while  a  few  lamps  in  another  room 
had  been  dipped  in  something  pink.  A  proper  question  for  in- 
vestigation is  whether  a  tungsten  lamp  made  yellow  by  screen- 
ing is  more  economical  than  a  carbon  lamp,  which  is  inherently 
more  yellow. 

In  the  building  described  the  open  flaming  arc  lamps  are 
operated  on  alternating  current,  presumably  because  direct  cur- 
rent is  not  available.  If  the  hall  is  to  be  used  for  music  or 
speaking,  the  sound  produced  incidental  to  the  light  seems  un- 
fortunate as  it  is  disconcerting  to  a  speaker  and  can  not  be 
harmonious,  with  music  in  all  keys. 

Mr.  Jones : — The  sound  of  the  flaming  arc  lamps  is  not  an 
unfortunate  feature  of  the  Auditorium  lighting.  It  is  a  dis- 
tinct and  pleasant  musical  note  that  is  emitted  and  not  a  noise ; 
furthermore,  should  this  note  prove  distressing  on  the  occasion 
of  a  concert,  the  lamps  may  be  put  out  without  affecting  the 
intensity  of  the  illumination.  In  fact,  the  illumination  of  this 
room  with  all  lamps  lighted  is  entirely  too  intense  when  a  concert 
is  in  progress  and  detracts  from  all  but  the  most  joyous  and 
triumphant  character  of  musical  composition.  The  psychological 
effect  of  light  is  exceedingly  interesting.  Numerous  lighting- 
effects  can  be  obtained  in  this  room  quite  appropriate  to  a  wide 
variation  in  musical  moods,  and  may  be  employed  to  intensify 
the  receptive  mood  of  the  listener,  in  much  the  same  way  that 
Wagner  has  employed  lighting  effects  in  his  music  dramas. 

The  question  has  been  raised  as  to  the  color  effects  of  the  il- 
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lumination.  Unfortunately  I  was  unable  to  procure  a  color- 
imeter for  use  during  tests,  particularly  as  the  results  obtained 
by  such  an  instrument  would  have  been  of  great  general  interest. 

The  general  tone  of  the  ceiling  with  all  lamps  in  use  is  a 
little  too  monotonous  in  the  yellow.  This  defect  can,  however 
be  readily  corrected  by  the  use  of  colored  glasses  superimposed 
on  various  areas  of  the  sashes.  In  this  connection,  a  rather 
interesting  accident  occurred.  One  of  the  workmen  left  a  sheet 
of  very  thin  blue  print  paper  over  one  of  the  sashes  illuminated 
by  the  flaming  arc  lamps.  There  resulted  a  light  from  this  sash 
of  an  exquisite  sea  green,  and  we  propose  to  duplicate  this  effect 
with  blue  color  screens.  A  further  variation  can  be  obtained 
by  varying  the  composition  of  the  flame  arc  electrodes,  and  by 
varying  the  color  of  the  diffusing  screens  which  we  propose  to 
use  in  connection  with  these  lamps. 

The  general  effect  of  the  color  of  the  light  mixtures  on  the 
painted  surfaces  of  the  room  is  remarkable.  The  general  wall 
surfaces  become  a  light  pinkish  gray  of  a  very  pleasing  tone. 
The  red  lead  panel  surfaces  become  almost  orange.  The  blues 
become  greenish,  and  the  yellows  are  richened  to  an  extra- 
ordinary extent.  Thus,  by  night,  all  the  various  pure  tints 
are  brought  together  by  mixture  with  yellow,  and,  as  the  plaster 
surfaces  become  darkened  with  soot  a  further  deepening  of  the 
general  effect  ensues. 

Air.  Ellinger  has  spoken  of  the  interesting  fact  that  the  results 
fell  far  short  of  our  expectations,  and  as  has  drawn  the  conclu- 
sion that  one  need  never  be  afraid  of  overstepping  the  mark, 
since  the  embodiment  of  our  ideals  must  always  fall  far  short  of 
the  intent  of  such  ideals.  This  is,  of  course  always  true  of 
worthy  ideals.  But,  as  Mr.  Hornbostel  has  pointed  out,  in  this 
case  we  had  anticipated  an  effect,  more  or  less  bizarre  in  char- 
acter, so  that  the  actual  result  is  another  fortunate  accident.  This 
result  is  probably  only  another  indication  of  the  very  small 
margin  between  the  beautiful  and  the  ugly,  between  the  sublime 
and  the  rediculous.  By  our  inability  to  overdo  we  have  struck 
a  true  note. 

Yet  this  must  not  be  taken  as  an  argument  against  future 
s'imilar  attempts.  Our  original  argument  was  that,  since  it 
seemed  quite  hopeless  to  produce  a  beautiful  effect  due  to  the 
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apparent  limitations  of  our  materials,  we  could  at  ieast  produce 
an  unprecedented  display.  Now  that  we  know  just  how  our 
limitations  effect  the  results  it  will  be  a  simple  matter  to  pro- 
duce a  result  still  more  beautiful  than  that  obtained  at  the 
Soldiers'  Memorial. 

Mr.  Hombostel : — The  effect  of  the  low  note  in  the  auditorium 
due  to  the  singing  of  the  arcs  is  decidedly  agreeable ;  it  has  led 
to  an  experiment  we  are  going  to  try.  We  intend  to  install  two 
lanterns  at  The  State  Education  Building  in  Albany,  and  those 
two  lanterns  will  be  arranged  to  sing.  The  sound  emitted  by 
each  lantern  will  be  a  chord,  and  the  two  chords  will  be  in 
harmony.  I  think  that  in  spite  of  the  fact  that  the  idea  may  at 
first  seem  ridiculous,  or  rather  funny,  and  it  might  make  people 
laugh,  yet  those  who  do  hear  the  low  tone  in  front  of  that  great 
building  will  be  agreeably  surprised.  There  is  no  reason  why, 
even  in  the  home  there  should  not  be  a  pleasant  sound  produced 
by  an  electric  lamp  of  some  form  or  other.  There  would  be  no 
reason  why,  for  instance,  in  front  of  a  huge  theatre  or  opera 
house  the  electric  lamps  should  not  give  forth  a  musical  note  or 
harmony  which  could  be  turned  off  as  the  performance  started, 
or  turned  on  again  as  the  audience  left.  There  would  be  noth- 
ing essentially  curious  about  such  an  effect.  There  would  be 
nothing  funny  about  it.  There  would  be  nothing  even  experi- 
mental.    It  is  perfectly  possible,  and  we  are  going  to  try  it. 

While  the  sound  in  the  Auditorium  was  an  accident,  it  was 
a  happy  accident,  and  besides,  was  not  bad  at  all.  Furthermore, 
the  idea  that  there  is  enough  light  in  the  ceiling  so  that  some  of 
it  can  be  turned  off,  and  still  be  enough  light  to  give  a  sense 
of  luxuriousness  that  is  not  a  sense  of  extravagance,  and  that  is 
just  what  we  want. 

In  regard  to  the  dirt  on  the  sashes,  that  dirt  was  not  such  bad 
dirt  at  all.  Of  course,  every  once  in  a  while  some  piece  or  other 
of  building  material  may  cause  a  little  spot.  Yet  these  can  very 
easily  be  removed.  On  the  other  hand,  we  found  that  interesting 
effects  could  be  obtained  by  cleaning  only  some  of  the  little  panes 
in  each  sash,  and  in  fact  there  is  no  reason  why  these  little  panes 
might  not  vary  in  color  as  well  as  in  brightness.  Although 
these   little   variations    reduce   the   parabolic    curves    which    Mr. 
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Jones  thinks   so   much   about  into   waves,  it  results  in  a  very 
pleasant  effect. 

As  to  the  color  scheme,  let  me  accent  the  statement  that  there 
is  not  a  bit  of  black  in  the  entire  building.  There  is  no  brown 
and  no  sepia.  The  colors  are  absolutely  pure.  The  blue  is  pure 
cobalt  blue ;  the  red,  the  purest  red  lead  we  could  find ;  the  yellow, 
pure  chrome.  The  intention  was  to  omit  the  harmonizing  value 
of  black,  which,  in  the  form  of  jet  so  frequently  used  by  the 
Chinese  to  harmonize  their  vari-colored  prints,  pictures  and 
tapestries.  If  we  had  put  the  black  in  at  the  beginning  which 
would  have  been  an  easy  thing  to  do,  at  the  end  of  a  year  all  the 
colors  would  have  been  black. 

Mr.  Jones: — The  prevention  of  the  accumulation  of  dirt  on  the 
colored  surfaces  beyond  a  desirable  amount  is  a  simple  matter. 
The  Auditorium  is  sealed  and  obtains  its  air  entirely  through 
an  extensive  ventilating  system.  The  air  which  is  drawn  from 
the  outside  is  now  filtered  through  cheese  cloth  so  as  to  remove 
only  the  larger  particles.  So  soon  as  the  desired  tone  has  been 
obtained  air  washers  will  be  installed  and  the  air  supplied  to  the 
auditorium   will  then   be  absolutely   clean. 
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MINUTES  OF  COUNCIL  MEETING. 


FEBRUARY  10,   191 1. 

The  first  meeting  of  the  council  under  the  191 1  administra- 
tion was  held  in  New  York  on  February  10.  In  attendance 
were  A.  E.  Kennelly,  president ;  V.  R.  Lansingh,  treasurer ;  L,. 
B.  Marks,  W.  H.  Gartley,  George  Ross  Green,  A.  S.  McAllister, 
Herbert  E.  Ives,  E.  P.  Hyde,  E.  B.  Rosa,  Theodore  H.  Piser, 
J.  T.  Maxwell  and  Preston  S.  Millar,  general  secretary. 

Inasmuch  as  the  minutes  of  the  previous  council  meeting 
had  been  mailed  to  each  member  of  the  council,  the  reading 
of  the  minutes  was  dispensed  with,  and  the  council  proceeded 
to  a  consideration  of  the  general  secretary's  report.  This  showed 
that  the  membership  had  been  1878  on  Jan.  13th.  During  the 
intervening  month,  18  resignations,  14  applications  and  four 
requests  for  reinstatement  had  been  received.  Affirmative  action 
on  all  of  these  would  make  the  membership  to  date  1478,  which 
is  42  per  cent,  larger  than  that  enrolled  on  the  corresponding 
date  last  year. 

Mr.  L.  B.  Marks,  chairman  of  the  finance  committee,  pre- 
sented a  report  of  the  finances  of  the  society  for  the  year  1910 
supplementing  the  committee's  annual  report  which  appears  else- 
where in  this  issue.  His  committee  had  observed  that  stricter 
economy  in  expenses  of  191 1  could  be  effected. 

With  the  report  Mr.  Marks  also  presented  a  list  of  the  Jan- 
uary vouchers,  amounting  to  $1,248.93,  which  the  finance  com- 
mittee approved  for  payment.  The  council  resolved  that  the 
recommendations  contained  in  the  finance  committee's  report 
should  be  referred  to  the  next  finance  committee,  and  authorized 
the  payment  of  the  vouchers  as  listed. 

Two  other  resolutions  relating  to  the  society's  expenses  were 
adopted.  The  first  was  that  the  management  of  sections  be 
advised  that  it  is  not  the  policy  of  the  society  to  pay  any  ex- 
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penses  of  authors  or  lecturers  who  present  papers  or  lectures 
before  the  section  meetings.  The  second  was  to  the  effect  that 
the  management  of  each  section  submit  a  budget  of  section  ex- 
penses for  191 1. 

President  Kennelly  then  announced  his  appointments  for  the 
finance  and  executive  committees,  which  appointments  were  ap- 
proved by  the  council. 

finance  Committee. — L.  B.  Marks,  chairman,  A.  A.  Pope,  A. 
S.  McAllister. 

Executive  Committee. — A.  E.  Kennelly,  ex-ofhcio,  P.  S.  Millar, 
cx-ofticio,  V.  R.  Lansingh,  cx-ofticio,  L.  B.  Marks,  A.  S.  Mc- 
Allister. 

Other  committee  appointments  of  the  president  are  to  be  sub- 
mitted to  the  executive  committee  which  the  Council  empowered 
to  approve. 

After  considerable  discussion  it  was  decided  to  appoint  a  new 
membership  committee  which  will  consist  of  the  chairman  of 
section  membership  committees  and  three  other  members  to  be 
appointed  by  the  president.  Sections  which  have  not  already 
appointed  membership  committees  will  be  requested  to  do  so. 

After  consideration  of  the  advisability  of  appointing  a  re- 
search committee,  an  informal  vote  indicated  that  the  council 
was  unanimously  in  favor  of  appointing  such  a  committee  in  the 
near  future. 

Two  changes  in  the  By-Laws  were  proposed  and  received  a 
first  and  favorable  hearing. 

It  is  proposed  to  revise  Art.  VIII,  Section  2,  making  the  first 
sentence  read : 

"Regular  meetings  of  the  council  shall  be  held  once  each 
month,  except  during  the  months  of  July,  August  and  Septem- 
ber." 

It  was  proposed  also  to  change  Art.  Ill,  Section  6  of  the 
By-Laws  to  read  as  follows  : 

"The  entrance  fee  shall  be  $2.50,  payable  on  admission  to  the 

society." 

In  this  connection  the  council  resolved  to  waive  the  initiation 
fee  until  July  1,  191 1,  and  to  impose  it  beginning  with  that 
date. 
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The  resignation  of  Mr.  F.  N.  Morton,  a  director,  was  ac- 
cepted. Mr.  George  S.  Barrows  was  appointed  to  fulfill  Mr. 
Morton's  unexpired  term. 

An  invitation  from  the  board  of  managers  of  the  Chicago  sec- 
tion to  hold  the  next  annual  convention  in  Chicago  was  accepted, 
the  date  of  the  convention  to  be  determined  later. 

Discussion  of  the  matter  of  advertising  in  the  Transactions 
resulted  in  a  resolution  to  make  available  for  advertising  pur- 
poses double  the  number  of  pages  now  devoted  to  advertising 
in  each  issue  of  the  Transactions.  The  advertising  com- 
mittee was  requested  to  endeavor  to  secure  a  correspondingly 
increased  amount  of  advertising. 


SECTION    MEETINGS. 


NEW    YORK    SECTION. 

The  regular  monthly  meeting  of  the  New  York  Section  was 
held  in  the  "Dungeon  of  Castle  Cave,"  on  Thursday  evening, 
February  9th  at  8:15,  where  an  informal  dinner  had  been 
served  to  65  members  and  guests  beginning  at  6  :oo.  There  was 
no  formal  paper,  but  a  general  discussion  on  "Light  and  Ar- 
chitecture" was  lead  by  Mr.  Henry  M.  Hornbostel  of  the  ar- 
chitectural firm  of  Palmer  &  Hornbostel.  The  discussion  was 
participated  in  by  chairman  A.  H.  Elliott,  Secretary  A.  J.  Mar- 
shall and  Messrs.  Donn  Barber,  J.  Holden,  S.  F.  Vohis,  Bassett 
Jones,  V.  R.  Lansingh  and  D.  McF.  Moore. 

The  March  meeting  of  the  section  will  be  held  at  the  Gimbel 
store,  Sixth  Ave.  and  Thirty-third  Street,  where  a  paper  de- 
scriptive of  the  lighting  installation  of  the  store  will  be  pre- 
sented by  Messrs.  C.  L.  Law  and  A.  J.  Marshall. 

At  the  April  meeting  Mr.  Bassett  Jones,  Jr.,  will  read  a  paper 
entitled,  "Polar  Curves  of  Finite  Surface  Sources,"  and  a  paper 
by  Dr.  J.  C.  Pole  entitled,  "The  Photometry  of  Mercury- Vapor 
Lamps,"  will  be  presented  for  discussion. 

PHILADELPHIA  SECTION. 

The  Philadelphia  Section  held  a  meeting  at  8:00  p.  m.  on  Feb- 
ruary 17th,  at  which  an  illustrated  lecture  on  "Artificial  versus 
Sunlight  for  the  Making  of  Moving  Picture  Films,"  was  de- 
livered by  Mr.  Edmund  L.  Simons.  The  meeting  was  preceded 
by  a  dinner  served  at  Green's  Hotel  at  6:00  p.  m. 
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CHICAGO    SECTION. 

The  Chicago  Section  held  its  regular  monthly  meeting  at  noon 
on  February  16th  at  the  Great  Northern  Hotel,  Chicago.  As 
usual  a  luncheon  was  served  before  the  meeting  proper.  The 
topic  for  general  discussion  was  ''Illumination  Problems  in  the 
Smaller  Cities,"  the  speakers  being  Messrs.  J.  R.  Cravath,  C.  A. 
Luther,  A.  L.  Eustice,  C.  A.  Howe  and  J.  G.  Learned.  Vice- 
President  H.  E.  Ives  and  General  Secretary  P.  S.  Millar  spoke 
of  the  work  of  the  Society,  its  policy  and  possibilities  for  still 
greater  activities  and  brought  the  official  announcement  of  the 
selection  of  Chicago  as  the  place  for  holding  the  next  annual 
convention. 

At  the  March  meeting  a  paper  will  be  presented  by  Mr.  James 
R.  Cravath  on  "The  Illumination  of  Small  Rooms." 


GENERAL  SECRETARY'S  REPORT  TO  THE 
COUNCIL  EOR  19  lO. 

To  the  Council: 

Nineteen  hundred  and  ten,  the  fifth  year  of  the  Illuminating 
Engineering  Society's  organization  was  notable  in  a  number 
of  respects.  At  no  time  previously  has  illuminating  engineering 
as  a  specialty  commanded  as  much  respect.  At  no  previous 
time  was  the  Society  accorded  as  high  consideration  by  members 
of  affiliated  societies  and  by  the  public  at  large.  During  no 
previous  year  has  the  membership  evinced  as  marked  a  desire 
to  promote  the  interests  of  the  society. 

One  of  the  notable  features  of  the  society's  record  during 
1910  is  the  large  increase  in  membership,  as  shown  in  the  follow- 
ing table : 

MEMBERSHIP  CHANGE. 

Membership  at  beginning  of  year   1045 

Elected  to  membership  during  year    650 

Resigned 761 

Dropped   for   non-payment   of    dues    82 

Deceased    y 

Membership,  December  31,   1910    1530 

1  Including  a  number  of  resignations  presented  during  1909  but  acted  upon  during  1910. 
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INCREASE    IN     MEMBERSHIP. 

Of  the  650  accessions  to  membership  it  is  estimated  that  more 
than  500  were  the  direct  result  of  the  campaign  conducted  by  our 
membership  committee.  Starting  with  a  selected  list  of  names 
of  men  who  were  thought  likely  to  be  interested  in  the  work  of 
the  Society,  this  Committee  directed  to  each  a  series  of  carefully 
worded  communications  calculated  to  advise  concerning  the  nat- 
ure of  the  Society  and  the  work  which  it  is  doing,  and  inviting 
the  recipient  of  the  communication  to  become  indentified  with  the 
movement.  For  the  cost  of  this  campaign,  covered  by  appropriaT 
tion  for  the  purpose  by  the  Council,  the  Society  has  been  nearly 
reimbursed  through  the  payment  of  first  dues  of  new  members. 

DEFECTIONS. 

During  1909  the  council  dropped  from  the  society's  rolls  98 
members  who  had  failed  to  pay  dues.  The  dropping  of  82  mem- 
bers similarly  delinquent  during  the  past  year,  as  well  as  the 
rather  large  resignation  list,  serve  to  direct  attention  to  the  fact 
that  a  very  considerable  proportion  of  those  who  join  the  soci- 
ety fail  to  find  in  the  meetings,  or  in  the  Transactions  of  the 
society,  enough  that  they  consider  of  direct  personal  value  to 
warrant  continuation  of  membership.  This  is  not  the  society's 
fault,  but  results  rather  from  heedless  action  of  individual?  in 
joining  an  organization  when  insufficiently  informed  concerning 
its  purposes  and  activities. 

deaths. 

Five  members  have  been  taken  from  our  ranks  by  death : 
Mr.  H.  J.   Buddy. 


Mr. 

T. 

O. 

Horton. 

Mr. 

A. 

G 

.   Pickens 

Mr. 

C. 

T 
J- 

Toerring. 

DIVERSITY  UNCHANGED. 

While  the  number  of  members  has  increased  largely  during 
the  year,  the  society  remains  unique  in  the  diversity  of  its  mem- 
bership and  in  the  number  of  professions  and  industries  repre- 
sented.    The   accompanying  analysis   of   the   membership   as   of 


60      TRANSACTIONS   OE    ILLUMINATING   ENGINEERING    SOCIETY 


Total 
per  cent. 


21. o 

14-5 

II.  o 

9-3 

3-i 

2.0 


16.0 
1.8 

2-5 
0.2 


5-i 

0.3 
0.3 


4-7 
1.2 

i-5 
0.8 
0.9 
2.9 


933 


TABLE  I. — Membership  Classification.    Dec.  31,  1910 

Industry  or  profession  with  Total 
which  connected                                              members 

Electric  Lighting — 

Central  stations 322 

Industry  in  general 223 

Lamp  manufacturers 168 

Apparatus  manufacturers 142 

Consulting  engineers 47 

Contractors 31 

Gas  Lighting — 

Gas  companies 245 

Lamp  manufacturers 27 

Industry  in  general 38 

Acetylene  gas  and  lamp  manufacturers. . .  •  3 

Gas  and  Electric  Lighting 13 

Illumination  in  General — 

Globe  and  reflector  manufacturers 78 

Fixture  manufacturers 5 

Consulting  illuminating  engineers 4 

Miscellaneous — 

Pedagogic 72 

Technical  journals 18 

Research  and  testing  laboratories 23 

Architects 13 

Scattering 13 

Unclassified 45 

1530 
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Dec.  31,  [910,  shows  the  number  of  members  connected  with 
each  of  a  number  of  industries  or  professions.1  That  but  little 
change  in  the  distribution  of  membership  has  taken  place  in  the 
last  two  years  is  shown  by  comparison  between  this  analysis  and 
a  similar  one  made  two  years  ago.2 

CHARACTER  OF  PAPERS. 

To  afford  an  idea  of  the  scope  of  the  society's  deliberations, 
an  analysis  of  the  papers  included  in  the  first  five  vol- 
umes of  the  Transactions  has  been  prepared,  and  is  ap- 
pended. The  subjects  treated  in  the  papers  are  listed  and  the 
number  of  papers  devoted  to  each  subject  is  shown.  In  addition, 
the  table  is  made  to  indicate  the  number  of  papers  discussing  any 
one  subject  which  are  of  more  particular  value  to  those  inter- 
ested in  correlated  subjects.  It  is  to  be  expected  that  most  of  the 
papers  presented  will  be  of  general  interest  to  the  membership  at 
large,  but  in  this  analysis  the  effort  is  made  to  indicate  the 
classes  of  membership  who  would  find  material  of  particular 
value  or  interest  in  the  papers  referred  to.  For  example,  there 
have  been  presented  before  the  society,  14  papers  dealing  with 
calculations  in  the  field  of  illumination.  Each  of  these  is  of 
course  of  value  to  those  who  are  interested  in  illumination  cal- 
culations ;  seven,  however,  are  believed  to  be  of  great  value  to 
practicing  illuminating  engineers  and  one  is  of  interest  in  con- 
nection with  standards  and  units.  Again,  there  have  been  52 
papers  dealing  with  matters  involved  in  illuminating  engineer- 
ing practice.  Each  of  these  possesses  of  course  interest  to  il- 
luminating engineers.  One,  however,  is  of  marked  interest  in 
connection  with  architecture,  two  in  connection  with  calculations, 
one  with  daylight,  three  with  electric  lighting,  one  with  gas 
lighting,  four  with  photometry,  two  with  physics,  one  with 
practical  research  and  one  with  the  study  of  vision. 

1  Due  to  obscurity  of  titles  and  various  modes  which  the  members  have  of  expressing 
the  nature  of  their  occupations  it  is  very  difficult  to  compile  information  of  this  character 
and  it  is  therefore  not  unlikely  that  this  table  is  not  altogether  correct  as  to  distribution 
of  membership.  However,  it  is  undoubtedly  accurate  enough  to  afford  a  fair  indication 
of  the  true  distribution  of  membership. 

-  See  Transactions.  Vol.  IV,  page  465. 
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Here  we  find  the  diversity  in  membership  fairly  well  reflected 
in  diversity  of  subjects  discussed  in  the  Transactions.  Indeed, 
the  subject  of  illumination  is  so  complicated,  every  question 
which  arises  has  so  many  ramifications,  there  are  so  many  differ- 
ent points  of  view  from  each  of  which  new  considerations  arise, 
that  it  is  only  through  a  diversity  of  membership  such  as  that 
indicated  that  the  society  can  hope  to  cope  with  its  problem. 

It  is  believed  that  most  of  the  members  who  have  withdrawn 
from  the  society  after  a  short  connection  have  done  so  because 
they  failed  to  find  in  the  society  that  degree  of  attention  to  some 
particular  phase  of  the  subject  which  they  had  anticipated.  Pro- 
spective members  will  find  in  the  analysis  of  papers  here  pre- 
sented, more  or  less  of  an  earnest  of  the  material  which  is  likely 
to  be  embodied  in  the  Transactions  in  the  near  future.  They 
should  consider  well  if  Transactions  of  such  a  character  will 
cater  to  their  needs. 

*>* 
section  activities. 

The  sections  of  the  society  have  continued  the  work  of  the 
previous  year  more  or  less  along  similar  lines.  No  new  sec- 
tions have  been  added.  A  summary  of  section  activities  appears 
below : 

New        New       Phila- 
Chieago    England    York     delphia       Totals 

Technical  meetings 10             8             9             8  35 

Average  attendance 45           25           65           85 

Papers  contributed.to Transactions •  •  1            5           16            5  27 

Papers  not  reproduced  in  Transactions  1024  7 

Lectures  3            1            o            o  4 

Meetings  given  over  to  discussion 5             2             1             1  9 

IMPORTANCE  OF  SECTIONS. 

The  constitution  of  the  Illuminating  Engineering  Society  gives 
to  the  sections  a  very  considerable  degree  of  autonomy,  provid- 
ing for  a  separate  governing  body,  having  one  member  who  is 
also  a  member  of  the  council  and  is  one  of  the  vice-presidents  of 
the  society.  Except  for  the  annual  convention,  the  work  of  the 
society  in  the  way  of  public  meetings  for  the  discussion  of  sub- 
jects pertaining  to  illumination  is  carried  on  exclusively  by  the 
sections.     It  is  within  the  power  of  the  sections  to  make  or  mar 
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the  society.     Their  importance  to  the  success  of  the  society  can- 
not be  overstated. 

CLOSER    COORDINATION    OF   SECTIONS    DESIRABLE. 

The  success  attained  by  the  sections  has  been  varied,  ranging' 
from  unqualified  success  to  a  condition  verging  upon  failure. 
There  has  been  in  the  society  ever  since  its  organization,  some 
sentiment  in  favor  of  a  closer  coordination  of  the  work  of  the 
sections  and  a  closer  bond  with  the  central  governing  body. 
Many  of  the  section  officers  themselves  feel  the  need  of  some- 
thing of  this  kind. 

SECTIONS   TOO    ISOLATED. 

In  certain  sections  the  vice-president  has  not  been  effective  in 
connecting  his  section  with  the  council.  Very  frequently  sec- 
tion officers  are  unfamiliar  with  the  traditions  of  the  society,  and 
without  an  active  vice-president  to  keep  them  in  touch  with  the 
council^ct  at  variance  with  the  policies  of  that  body. 

These  and  other  conditions  point  to  the  need  for  an  active  com- 
mittee on  section  development  such  as  that  appointed  last  year. 

LECTURE  COURSE. 
A  special  feature  of  the  year  was  the  course  of  36  lectures  on 
illuminating  engineering,  delivered  at  Johns  Hopkins  University 
under  the  joint  auspices  of  the  university  and  this  society.  This 
lecture  course  was  influential  in  giving  illuminating  engineering- 
a  status  in  the  eyes  of  the  public  which  it  lacked,  and  it  forms 
a  splendidly  balanced  foundation  for  collegiate  courses  in  il- 
luminating engineering.  A  conception  of  President  Hyde,  it 
was  carried  to  a  successful  consummation  largely  through  his 
indefatigable  efforts. 

convention. 

The  annual  convention  held  in  Baltimore  was  successful  both 
in  attendance  and  spirit.  Twelve  papers  were  presented  and 
discussed.  The  amount  expended  for  entertainment  was  much 
less  than  in  1909,  a  gratifying  economy  which  was  effected  with- 
out reducing  the  standard  of  pleasurable  features  which  have 
been  incidental  to  our  conventions. 
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TRANSACTIONS. 

The  Transactions  of  the  Society  are  furnished  to  all  mem- 
bers in  good  standing,  in  part  return  for  dues  paid.  Our  dues 
have  not  been  increased  nothwithstanding  a  greatly  increased 
cost  of  issuing  Transactions,,  occasioned  chiefly  by  their  greater 
bulk. 

A  very  gratifying  demand  for  complete  sets  of  Transactions 
will  probably  make  reprinting  of  early  volumes  advisable  in  the 
very  near  future. 

The  much  needed  index  to  all  volumes  of  the  Transactions  has 
been  provided  during  the  year. 

COMMITTEES. 

The  Committee  on  Finance  has  exercised  the  usual  oversight 
over  the  finances  of  the  society,  approving  all  bills  for  payment 
and  approving  all  proposals  looking  toward  expenditure  not 
strictly  routine  in  character.  The  committee  has  held  monthly 
meetings  and  has  devoted  great  care  to  the  fulfilment  of  its 
functions. 

The  Committee  on  Papers  has  passed  upon  all  papers  to  be  in- 
cluded in  the  Transactions,  in  addition  to  arranging  for  the 
papers  programme  at  the  annual  convention.  This  committee 
has  had  some  trying  questions  to  decide  in  connection  with  the 
policy  which  Should  govern  in  the  admission  of  material  to  the 
Transactions. 

The  Committee  on  Editing  and  Publication.  The  work  of 
this  committee  has  been  done  almost  exclusively  by  the  chairman 
whose  duties  are  laborious  to  an  extent  which  the  general  mem- 
bership fails  to  appreciate  and  are  rendered  no  less  so  by  criti- 
cisms arising  out  of  the  fact  that  no  editing  policy  can  please  all 
members. 

The  Committee  on  Nomenclature  and  Standards. — The  work 
of  this  committee  during  the  year  has  been  confined  very  large- 
ly to  that  done  through  the  sub-committee  on  photometric  units. 
which  rendered  a  preliminary  report  at  the  annual  convention 
and  is  now  engaged,  under  the  mandate  of  the  convention,  in  an 
attempt  to  secure  concerted  action  by  various  societies  at  home 
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and  abroad   in  the   establishment  of  a  uniform   set  of  names, 
symbols  and  definitions. 

The  Committee  on  Lecture  Course,  consisting  of  the  past- 
presidents  of  the  society,  with  President  Hyde  as  chairman, 
undertook  and  carried  to  successful  completion  the  truly  colossal 
task  of  the  lecture  course  at  Johns  Hopkins  University.  The 
time  and  thought  devoted  by  the  members  to  this  enterprise  make 
the  society  and  the  cause  in  general  further  indebted  to  them. 

The  Committee  on  Section  Development. — This  committee  did 
little  effective  work  during  the  year,  but  proceeded  far  enough  to 
develop  the  possibilities  of  the  work  which  it  was  calculated  to 
accomplish,  and  retires  with  the  recommendation  that  a  commit- 
tee be  appointed  to  complete  the  work. 

The  Committee  on  Neiv  Membership. — The  effectiveness  of 
the  work  of  this  committee  is  attested  by  the  membership  in- 
crease record  previously  mentioned. 

The  Committee  on  Advertising. — The  advertising  policy 
adopted  by  the  council  has  not  called  for  any  extension  of  the 
advertising  in  the  Transactions.  Consequently  the  activities  of 
this  committee  have  consisted  in  securing  a  continuation  of  exist- 
ing advertising  contracts,  and  in  accounting  work  incidental  to 
handling  the  contracts.  . 

The  Committee  on  Membership  Division. — This  committee  was 
appointed  by  the  president  at  the  request  of  some  of  the  mem- 
bers of  the  society  to  consider  the  advisability  of  a  division  of 
the  membership  on  some  basis.  The  committee  submitted  a  re- 
port to  the  membership  at  the  annual  convention,  recommending 
in  effect  that  when  the  society  felt  a  division  to  be  a  desirable 
thing,  steps  should  be  taken  to  effect  a  division.  This  report 
was  accepted  and  the  committee  discharged. 

The  Committee  on  Progress,  due  to  unavoidable  circumstances, 
was  not  able  to  prepare  a  report  for  submission  at  the  annual 
convention.  If  the  committee  is  reappointed  during  the  coming 
year,  it  is  hoped  that  the  first  report  on  progress  in  illumination 
may  be  submitted   at  the   191 1    annual   convention. 
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Committee  on  Research  whose  appointment  was  made  possible 
through  a  vote  of  the  Council  in  accordance  with  Constitutional 
requirements,  has  not  yet  been  appointed. 

PAPERS  AND  DISCUSSIONS. 

One  hears  among  the  sections  an  over  insistent  demand  for 
papers  of  an  elementary  educational  character.  Sometimes 
arrangements  for  papers  or  lectures  of  this  character  are  made. 
Generally  the  result  is  a  recital  of  the  fundamental  physical  re- 
lations of  light  such  as  may  be  found  in  any  book  on  photometry. 
What  is  needed  to  meet  this  demand  is  a  popular  exposition  of 
our  technical  papers.  Much  of  our  most  abstruse  material  is 
capable  of  such  treatment,  and  dissemination  of  knowledge  can 
best  be  furthered  by  non-technical  treatment  of  the  latest  in- 
formation in  the  Transactions  rather  than  by  repetitions  of  the 
fundamental  laws  of  light. 

Our  papers  often  fail  to  receive  the  discussion  which  they 
merit.  Only  a  small  proportion — say  15  per  cent. — of  our  mem- 
bers attend  the  technical  meetings.  The  papers  are  discussed 
chiefly  by  those  present  at  meetings.  The  Transactions  would 
be  of  greater  value  if  papers  were  submitted  to  members  quali- 
fied to  discuss  them  by  means  of  written  communications. 

GENERAL  OEEICE. 

The  society  now  occupies  one  room,  in  the  Engineering  Soci- 
eties Building,  Xew  York.  This  does  service  as  an  office  for  the 
assistant  secretary  and  a  meeting  room  for  the  council  committees. 
Additional  vault  space  in  the  same  building  is  utilized  for  stor- 
age. The  large  growth  of  the  Society  during  the  past  year 
has  taxed  this  office  space  severely.  Any  further  considerable 
growth  may  render  larger  quarters  necessary. 

The  additional  clerical  work  involved  in  the  addition  of  500 
members  to  the  roll  makes  the  provision  of  a  clerk  to  relieve 
the  assistant  secretary,  an  advisable  procedure.  During  the  com- 
ing year  such  an  increase  in  office  expenses  will  probably  have 
to  be  made. 

To  date  leadership  in  the  society's  affairs  has  devolved  upon 
members  interested  in  scientific  and  engineering  work  correlated 
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with  illuminating  engineering.  Those  whose  efforts  are  directed 
along  lines  of  an  artistic  character,  as  architects,  fixture  design- 
ers and  decorators,  have  manifested  considerable  interest  in  the 
welfare  of  the  society,  but  in  general  have  not  been  active  in 
promoting  that  welfare.  Between  those  two  classes  there  appears 
to  be  an  improved  mutual  understanding.  The  engineers  and 
scientists  feel  keenly  the  need  of  cooperation  on  the  part  of  the 
other  class,  and  it  is  probable  that  as  the  understanding  of  one 
another's  needs  becomes  more  thorough,  architects,  decorators 
and  fixture  designers  may  come  to  engage  actively  in  the  affairs 
of  the  society  and  assume  that  part  of  the  direction  of  its  affairs 
which  rightfully  is  theirs.  With  such  a  consummation,  the 
society  will  have  taken  its  next  great  step  in  advance. 
(Signed)  Preston  S.  Millar, 

General   Secretary. 


ANNUAL  REPORT  OF  THE  FINANCE  C031MITTEE 
FOR  THE  FISCAL  YEAR  1910. 


To  the  Council  of  the  Illuminating  Engineering  Society : 

In  accordance  with  the  provisions  of  the  Constitution  of  the 
Society,  the  finance  committee  has,  during  the  past  year,  exer- 
cised direct  supervision  over  the  financial  affairs  of  the  society. 

The  committee  held  monthly  meetings  except  during  the  sum- 
mer, made  recommendations  to  the  council  on  all  matters  sub- 
mitted for  examination  and  report,  and  examined  and  approved 
all  bills  paid  by  the  society. 

In  the  early  part  of  the  year  Mr.  W.  S.  Pangborn,  a  certified 
public  accountant  was  commissioned  to  render  the  following  ser- 
vices : 

First,  to  oversee  the  society's  books  of  account  for  the  year 
1910;  second,  to  present  monthly,  through  the  Secretary  of  the 
society,  a  proved  trial  balance ;  third,  to  complete  the  audit  of 
the  books  and  accounts  of  the  society  for  the  year,  and  to  fur- 
nish a  statement  of  assets  and  liabilities  and  earnings  and  ex- 
penses. 

The    subjoined    statement   of   the    society's   finances   as   given 
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in  Exhibits  "A,"  "B"  and  "C"  is  taken  from  the  report  of  the 
auditor  for  the  fiscal  year  1910. 

Deficit  for  year  ipio: — It  will  be  noted  from  the  statement, 
Exhibit  "B,"  that  the  expenses  of  the  society  for  the  past  year 
were  $485.88  in  excess  of  the  earnings.  In  analyzing  the  ex- 
penditures, the  committee  finds  that  some  of  the  items  included 
in  the  expense  account  for  the  year  1910  are  in  part  properly 
chargeable  to  preceding  years.  For  example,  the  cost  of  index- 
ing the  Transactions  for  the  past  five  years  is  charged  against 
the  year  1910  as  this  work  was  done  and  paid  for  during  the 
past  year.  Again,  some  of  the  items  of  expense  are  in  part 
properly  chargeable  to  succeeding  years.  For  example,  the  cost 
of  an  extra  edition  of  back  numbers  of  the  Transactions  for 
members  elected  in  1910,  191 1,  etc.,  is  charged  against  the  year 
1910. 

Allowing  for  various  items  of  the  nature  of  those  above  cited, 
the  committee  feels  that  the  excess  of  expenses  over  earnings 
for  the  past  year  may  be  looked  upon  as  a  book  deficit  rather 
that  a  real  deficit.  However,  the  fact  remains  that  in  the  mat- 
ter of  its  finances  the  Society  has  been  traveling  on  an  extremely 
small  margin. 

Dependence  on  income  from  advertisements  in  the  Transac- 
tions : — As  shown  in  the  auditor's  report,  the  expenses  for  the 
past  year  were  $2,421.19  in  excess  of  the  membership  dues,  in- 
cluding unpaid  dues.  The  Society  was  therefore  again  depend- 
ent to  a  large  extent  for  its  financial  support,  upon  the  income 
derived  from  advertisements  in  the  Transactions.  The  Com- 
mittee reiterates  the  view  expressed  in  a  former  report  "that  the 
Society  will  not  be  on  an  entirely  sound  financial  basis  until  the 
income  derived  from  membership  dues  exclusively,  is  consider- 
ably in  excess  of  the  expenses." 

Membership  committee  expense : — The  cost  of  the  campaign 
that  was  undertaken  last  fall  to  increase  the  membership  of  the 
society  was  $1,254.68.  The  dues  from  new  members  whose  ac- 
cession was  directly  traceable  to  the  campaign,  exceeded  the 
above  cost. 

Convention  expense : — With  the  exception  of  entertainment  ex- 
penses, for  which  a  special  fund  was  collected,  all  expenses  of 
the   annual   convention   held   in    Baltimore   were   paid    from  the 
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treasury  of  the  society.  This  procedure  marks  a  precedent  in 
that  for  the  annual  conventions  held  heretofore,  a  considerable 
proportion  of  the  general  expense  was  defrayed  from  a  special 
fund  collected  for  the  purpose. 

Lecture  course  expense : — In  accordance  with  the  financial 
arrangement  with  Johns  Hopkins  University,  the  society  was  re- 
imbursed by  the  university  for  all  expenses  chargeable  to  the 
recent  lecture  course  on  illuminating  engineering. 

conclusion. 
The  Committee  concludes  that  if  the  activities  of  the  Society 
are  continued  along  present  lines,  the  most  rigid  economy  will 
be  required  to  avoid  a  deficit  the  coming  year. 
Respectfully  submitted, 
A.  A.  Pope, 
W.  H.  GarteEy, 
L.  B.  Marks,  Chairman. 

EXHIBIT  A.— BALANCE  SHEET— DECEMBER  31,  1910. 

ASSETS 

Cash : 

In    bank    $604.80 

On    hand    100.00 

Total    $    704.80 

Accounts  Receivable : 

Members'    dues — 1910     $247.50 

Members'    dues — 1909    7.00 

Due   for   badges    9.00 

Due    for    advertising    647.00 

Bond  interest,  due  Jan.  1,  191 1    40.00 

Sundry  charges  to  members  in    1909  on  account 

of    "Transactions"     186.19 

Total     1,136.69 

Property  Accounts: 

Furniture    and    fixtures     $668.21 

Less  depreciation    (25  per  cent.)    167.05 

Net     : $501.16 

Badges   on   hand    (22)    54-00 

Total     555.16 

Investments : 

Northern    Pacific    Railway    and    Great    Northern 
Railway  bonds,   $2,000.00 1,920.00 
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LIABILITIES. 

Accounts    Payable : 

Sundry    creditors — schedule    Xo.    I     1.343. 19 

Dues    paid    in    advance 100.00 


Total    $1,443.19 

SURPLUS. 

Undivided   profits    2,873.46 


$4,316.65     S4.316.65 


EXHIBIT  B.— STATEMENT  OF  EARXIXGS  AXD  EXPEXSES  AND 

OF  CHANGES  IN    SURPLUS   FOR  THE  YEAR  EXDED 

DECEMBER  31,   1910. 

EARXIXGS. 

Members'   dues,   including   unpaid    84.00 

Advertising,    including    unpaid    1.740.98 

Miscellaneous   sales  of   Transactions    58.75 

Badges    sold — net    profit    41.00 

Members'  certificates — net    1458 

Interest    on   bonds    80.00 


Total     $9,019.31 


EXPEXSES. 

"Transactions"    S3.649.59 

Membership    committee    1,254.68 

Convention    committee     152.72 

1910  election    330.71 

General   office    2.859.81 

Exchange   on    checks    8.78 

Depreciation    of    furniture   and    fixtures    52.79 

New  York   Section    579-54 

Chicago   Section    267.81 

Boston    Section     185.01 

Philadelphia    Section     163.75 


Total    0.505.19 


Deficit    for    year    S    48; 
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SURPLUS    ACCOUNT. 

Surplus,   January    I,    IQIO,    per   report    $2,831-60 

From   "convention    committee,"    account    599-5° 

From,  "special   suspense"    account — 1909    5.00 

Bond  interest  not  taken  1909  statement    40.00 

1909  dues  collected  but  not  charged    15-00, 

$3,491.10 
Depreciation    of    furniture    and    fixtures — '07-8-9  $    114.26 

Dues   charged    off    17-5° 

Deficit   for   year    1910    485.88 

Total 617.64 

Surplus,   December  31,   1910   $2,873.46 

EXHIBIT  C— ANALYSIS  OF  GENERAL  OFFICE  ACCOUNT. 

Rent    of    office    $   396.00 

Rent  of  storeroom    64.00 

Rent  of  typewriter   (at  Mr.  Shea's  home)    12.25 

Repairs    to    typewriter     52.50 

Telephone  and  telegrams   98.21 

Postage   and    express    229.60 

Incidentals     37-09 

Salary    of    assistant    secretary    1,308.33 

Salary  of  clerk    (stenographer)    73-50 

Office    supplies    263.04 

Honorarium  to  Miss  M.  D.  Young   50.00 

Car    fares 7.65 

Meals  (largely  on  Mr.  Shea's  account)    49-38 

Constitution    and    by-laws    : . . .  40.95 

Finance   committee's   report    15-30 

Bonding    treasurer 15.00 

Auditor   (certified  public  accountant)    75-00 

Annual    dinner    59.00 

Towel  service    9.51 

Fountain    pen    3.50 

Total     $2,859.81 
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THE   PROFESSION    OF   ILLUMINATING   ENGINEER- 
ING.1 


BY    A.     E.     KEN  NELLY. 


The  world  of  leading  professions  outside  of  the  military,  is 
divided  into  two  great  branches ;  namely  the  scientific  profes- 
sions and  the  artistic  professions.  The  classical  scientific  pro- 
fessions, that  have  decended  to  us  from  antiquity,  are  those 
of  theology,  government,  law,  and  medicine.  The  classical 
artistic  professions  are  those  of  music,  painting,  sculpture, 
dramatic  art,  and  oratory.  The  watchword  of  the  scientific  pro- 
fessions during  the  centuries  has  virtually  been  "Truth,"  and 
that  of  the  artistic  professions  "Elegance." 

The  need  for  the  various  professions  has  arisen  from  the  same 
cause  as  the  need  for  every  guild  and  craft,  from  the  same  cause 
as  has  made  every  human  specialty  an  asset  to  its  possessor,  as 
well  as  to  the  community  in  which  it  is  developed,  a  cause  deep 
in  the  nature  of  living  beings.  Biologists  tell  us  that  the  pro- 
pensity of  habit  formation  can  be  detected  in  the  behavior  of 
single-cell  organisms,  the  simplest  protoplasmic  living  structures, 
and  that  the  more  numerous  and  complex  the  aggregation  of 
protoplasmic  cells  in  an  organism,  the  more  marked,  in  general, 
is  the  tendency  to,  and  defmiteness  of,  habit  formation.  It  is 
largely  to  the  facility  born  of  habit,  in  physical  and  mental 
processes,  that  society  owes  the  advantages  and  economies  of 
specialized  vocations  and  professions.  Even  those  inherited  tal- 
ents, instincts,  and  endowments,  which  so  frequently  lead  to  the 
choice  of  a  business  or  profession,  are,  in  a  certain  sense,  con- 
genital habits. 

When  a  habit  which  is  useful  to  society  is  relatively  easily 
acquired,  without  a  long  preliminary  and  unremunerative  period 
of  learning  and  apprenticeship,  the  habit  is  commonly  called  a 
craft,  trade,  or  occupation.  When,  on  the  other  hand,  the  use- 
ful group  of  habits  under  consideration  is  relatively  difficult  to 
acquire ;  involves  a  long  preliminary  period  of  training,  and 
especially  a  severe  period  of  intellectual  training ;  so  that  many 

1  Inaugural  address  of  President  Kennelly. 
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aspirants  fall  off  and  fail  during  the  training  process,  the  group 
of  habits  is  commonly  called  a  profession. 

In  modern  times  the  increasing  complexity  of  our  community 
life,  and  especially  the  increasing  accumulation  of  knowledge 
and  information,  have  raised  several  occupations  to  the  rank  of 
professions,  and,  in  particular,  certain  engineering  occupations. 
Engineering,  as  an  occupation,  must  be  of  prehistoric  antiquity ; 
but  engineering,  aside  from  the  military  art,  has  only  in  recent 
times  risen  to  the  rank  of  a  profession.  Engineering,  as  practised 
in  the  middle  ages,  was  but  little  more  difficult  to  learn  than  a 
trade.  Now  it  demands  at  least  as  long  and  severe  a  training 
as  either  law  or  medicine.  In  fact,  it  is  hopeless  to  seek  a  full 
acquaintance  with  the  whole  field  of  engineering,  so  numerous 
and  varied  are  its  branches. 

In  return  for  the  greater  recognition  on  the  part  of  the  com- 
munity for  the  engineer's  group  of  habits  and  functions,  there 
is  an  increased  demand  and  responsibility  exacted  from  him  by 
the  community.  He  is  properly  assumed  to  bring  to  his  duties  a 
larger  knowledge  and  a  wider  experience.  The  difference  be- 
tween work  done  under  the  direction  of  his  trained  habits  of  think- 
ing and  acting,  must  be  correspondingly  greater  than  that  which 
could  be  expected  to  follow  untrained  direction.  From  the 
standpoint  of  economics,  the  public  demands  that  he  shall  justify 
its  confidence  in  his  greater  knowledge  and  superior  technical 
guidance. 

In  order,  therefore,  that  an  occupation  shall  rise  to  the  rank 
of  a  profession,  and  maintain  itself  in  that  rank  with  stable 
equilibrium,  it  is  necessary  that  there  shall  exist  in  the  life  of 
the  community  a  steady  and  sufficient  demand  for  the  results 
of  that  occupation,  that  the  habits  of  thought  and  action,  as  well 
as  the  fundamental  knowledge  and  practical  experience,  in  the 
occupation,  shall  be  difficult  and  expensive,  in  time  and  effort, 
to  secure,  that  the  ultimate  rewards  may  on  the  one  hand  repay 
the  efforts  of  the  successful  aspirants,  and  be  warranted,  on  the 
other  hand,  by  the  economics  of  the  result,  to  the  community. 

Professions  rise  and  fall  in  the  course  of  time,  according  to 
the  economic  need  for  their  existence,  and  to  the  effort  that  must 
be  made  in  working  for  them.     The  greater  the  utility  that  can 


kewnelly:  profession  of  illuminating  engineering    75 

be  secured  from  them,  and  the  greater  the  sacrifice  demanded  in 
securing  the  knowledge  and  experience  necessary  for  practising 
them,  the  greater  their  security.  Under  reverse  conditions,  they 
lose  ground,  either  from  excess,  or  defect,  of  disciples.  In  the 
long  run,  and  in  stable  communities,  stable  professions  tend  to 
increase  the  numbers  of  their  practitioners  sensibly  in  proportion 
to  the  growth  of  population. 

One  of  the  most  recently  risen  professions  is  that  in  which 
this  Society  is  immediately  interested — Illuminating  Engineer- 
ing. The  need  for  this  profession  does  not  arise  from  any 
newly  awakened  desire  on  the  part  of  the  community  for  light- 
ing, except  as  a  matter  of  degree ;  because  mankind  has  de- 
pended upon  artificial  light  for  many  centuries.  Its  need  has 
arisen  from  recently  increased  facilities  for  producing  artificial 
light,  recently  multiplied  illuminants,  increased  knowledge  con- 
cerning the  nature,  use,  and  maintenance  of  light  sources,  as 
well  as  of  their  relation  to  health,  aesthetics,  safety,  and  expendi- 
ture. Every  new  acquisition  of  wealth  involves  the  expenditure 
of  a  certain  proportion  of  that  wealth  in  the  administration  of 
the  remainder.  If  a  community  comes  into  the  possession  of  a 
hospital,  library,  or  city  hall,  a  tax  must  be  assessed  for  its 
maintenance.  A  wealth  of  new  illuminants  and  methods  of  il- 
luminating have  come  into  the  possession  of  the  people,  through 
progress  in  science,  art,  and  civilization.  A  portion  of  this 
wealth  must  be  expended  in  the  proper  disposition  of  these  new 
possessions. 

In  the  accompanying  diagram,  an  attempt  is  made  to  represent 
the  principal  underlying  arts  and  sciences  upon  which  are  based 
respectively  the  professions  of  Medicine,  Law,  Engineering,  and 
Architecture.  No  such  scheme  can  pretend  to  great  precision, 
since  the  affairs  of  men  are  so  complexly  interwoven ;  yet  it  is 
believed  that  the  general  features  of  the  scheme  will  commend 
themselves  to  analysis.  The  profession  of  medicine  is  seen  to 
be  intimately  connected  with  the  qualitative  group  of  sciences 
(anatomy,  biology,  physiology,  etc.)  and,  in  lesser  measure,  with 
the  group  of  exact  sciences  (chemistry  and  physics).  Law 
is  closely  connected  both  with  the  qualitative  and  social 
groups    of    sciences     (logic,    ethics,    philosophy,    moral    law ; — 
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economics  and  business).  Architecture  is  closely  connected 
with  the  constructive,  decorative,  and  aesthetic  group  of  arts, 
and,  in  a  lesser  degree,  with  the  economical  and  quantitative 
scientific  groups.  Civil,  mechanical,  electrical,  and  mining 
engineering  are  intimately  connected  with  the  quantitative  and 
social   scientific   groups ;   but   practically   not   at   all    with   quali- 
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Diagram  of  arts  and  sciences  underlying  various  professions. 

tative  science,  or  with  art.  It  is  to  be  observed,  however,  that 
illuminating  engineering  differs  from  the  above  mentioned 
branches  of  engineering,  in  being  closely  connected  with  all  of 
the  four  groups,  and  it  is  the  only  profession  which  is  in  intimate 
relation  with  all  of  them  (physiology,  mathematics,  physics, 
economics,  business,  and  aesthetic  arts). 
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In  regard  to  the  qualitative  science  group,  the  illuminating 
engineer  is  necessarily  dependent  on  physiology,  and  is  unable  to 
fulfill  his  mission  completely,  unless  he  has  studied  the  physiology 
of  the  human  eye.  Light  which  he  controls  and  dispenses,  is  de- 
rived from  radiant  energy ;  but  is  actually  a  physiological  stimulus. 
He  not  only  has  to  learn  much  that  the  physiologist  already 
knows  concerning  the  function  and  hygiene  of  the  eye  under 
luminous  stimulus  ;  but  has  also  need  of  learning  and  determining 
many  facts,  in  these  directions,  that  have  not  been  considered  of 
direct  importance  either  to  physiologists,  oculists,  or  nerve 
specialists. 

In  regard  to  the  quantitative  group  of  sciences,  the  il- 
luminating engineer  is  required  to  be  familiar  with  the  laws  of 
optics,  radiation,  photometry,  and  illumination.  He  must  be 
sufficiently  familiar  with  arithmetical  processes  to  be  able,  not 
only  to  understand  the  applications  of  these  sciences,  but  also 
to  compute  the  number,  distribution,  and  strength,  of  the  lumin- 
ous sources  he  designs  to  install.  In  addition  to  the  above,  he 
should  have  such  a  knowledge  of  gas  and  electric  distributing 
systems,  as  will  enable  him  to  make  an  installation  with  any 
system  that  may  be  available,  and  also  such  a  knowledge  of 
building  construction,  as  will  enable  him  to  take  advantage  of 
structural   features    for   his   designs. 

In  regard  to  the  economical  group  of  sciences,  the  illuminat- 
ing engineer  must  be  trained  to  do  all  of  his  work  with  reference 
to  its  cost,  and  to  the  economy  of  cost.  It  must  become  instinc- 
tive habit  with  him  to  produce  the  best  and  most  desirable 
results  for  a  given  expenditure,  either  as  to  first  installation,  or 
as  to  operation  and  maintenance.  While  constantly  seeking 
improvements  on  the  one  hand,  he  must  as  constantly  set  prudent 
limits  to  hazardous  experiments  on  the  other.  He  must  be 
essentially,   to   this   extent,   a   business   man. 

In  regard  to  the  constructive  and  decorative  arts,  the  il- 
luminating engineer  should  possess,  and  be  trained  to  develop, 
a  keen  sense  of  the  artistic  and  aesthetic,  as  to  form,  color, 
luminosity,  and  architectural  purpose.  No  great  illuminating 
engineer  can  fail  to  be,  to  this  extent,  an  artist  and  an  exponent 
of  art. 
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Finally,  the  successful  illuminating  engineer  must  possess,  in 
common  with  most  other  engineers,  a  sympathetic  understanding 
of  other  men's  work,  so  as  to  be  able  to  cooperate  with  all  of 
the  different  men  with  whom  he  may  be  brought  into  contact 
in  his  designs,  constructions,  or  examinations.  Moreover,  he 
will  be  more  likely  to  need  a  sympathetic  understanding  of 
women's  work  than  an  engineer  of  any  other  class ;  because 
much  illumination  must  please  and  minister  to  the  needs  of 
women,  as  well  as  those  of  men ;  while  women  will  usually  be 
the  keener  to  appreciate  the  aesthetic  quality  of  his  work. 

It  does  not,  of  course,  follow  that  a  successful  illuminating 
engineer  must  possess  all  of  the  above-mentioned  qualifications. 
We  know  that,  in  ever)'-  profession,  men  succeed  who  are  notably 
deficient  in  some  of  the  qualities  which  they  might  be  expected  to 
possess.  But  we  also  know  that  they  succeed  not  by,  but  in  spite 
of,  such  deficiencies,  and  by  reason  of  certain  compensating 
advantages.  It  is  a  familiar  example  that  we  are  all  likely  to 
trust  to  a  less  skilled  individual,  in  whose  honesty  of  purpose 
we  feel  certain,  than  to  a  more  skilled  individual,  in  whose 
honesty  of  purpose  we  feel  doubt. 

Nevertheless,  particularly  at  the  present  time,  when  the  pro- 
fession of  illuminating  engineering  is  in  its  fresh  youth,  it  is 
important  that  we  should  set  a  high  standard  for  its  intellectual 
habits  and  qualifications.  Not  only  is  it  necessary  for  the  il- 
luminating engineer  to  do  fine  work,  as  judged  by  his  peers,  who 
understand  it,  but  it  is  also  necessary  for  him  to  do  fine  work, 
as  judged  by  the  public,  who  are  not  in  a  position  to  understand 
it,  but  are  able  to  appreciate  it.  In  the  maintenance  of  every 
profession,  the  public  delivers  the  final  judgment  as  to  utility  and 
performance.  The  public  will  not  accept  illuminating  engineer- 
ing as  a  profession,  unless  there  be  a  consensus  of  acknowledg- 
ment that  the  illuminating  engineer  repays  his  cost  abundantly. 
Each  and  every  individual  is  prone  to  believe  that  he  or  she  can 
light  a  street,  or  a  building  as  well  as  needs  be,  without  aid  or 
suggestion,  and  nothing  short  of  absolute  demonstration  that  a 
trained  illuminating  engineer  will  do  it  not  only  much  better 
than  an  untrained  haphazard  man,  but  also  manifestly  better, 
will  satisfy  the  incredulous. 
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I  take  it  that  this  Society  stands  for  the  proposition  that  a 
competent,  trained  illuminating  engineer  can  light  a  street, 
dock,  office,  factory,  art  gallery,  theater,  or  home,  very  much 
better  than  the  untrained,  haphazard  man.  Not  only  this,  but 
he  will  also  demonstrate  arithmetically  wherein  it  is  better,  that 
there  is  by  design  ample  light  where  it  is  wanted,  and  little  or 
none  wasted  where  it  is  not  wanted,  that  there  is  no  needless 
glare,  that  the  cost  of  the  lighting  is  moderate,  and  in  harmony 
with  the  cost  of  the  structures  in  other  respects.  Above  all,  he 
will  be  able,  for  this  expenditure,  to  produce  a  much  more  grace- 
ful and  pleasing  illumination,  in  tones,  intensities,  colors,  shad- 
ows, and  harmonies,  than  the  hapazard  man. 

The  mistake  is  but  too  often  made,  that  if  the  illuminating- 
engineer  provides  the  requisite  distribution  of  light  at  a  low  cost, 
his  duties  are  sufficiently  discharged,  without  any  reference  to 
the  aesthetic  quality  of  his  work.  This  performance  would, 
however,  be  as  defective  as  installing  a  graceful  and  pleasing- 
set  of  light- sources,  but  without  any  regard  to  whether  the  il- 
lumination was  adequate  or  excessive.  It  is  in  the  absolute 
necessity  of  observing  the  rules  of  aesthetic  taste,  that  the  work 
of  the  illuminating  engineer  differs  most  markedly  from  the 
work  of  other  classes  of  engineers. 

The  conscientious  illuminating  engineer  is  ordinarily  called 
upon  to  be  self-effacing  and  undemonstrative  in  the  results  of 
his  work.  It  may  be  asserted,  as  a  general  rule,  that  any  artifi- 
cial lighting  is  aesthetically  bad,  which  forces  itself  upon 
the  undirected  attention  of  the  observer.  Good  lighting  is  har- 
monious and  satisfying,  but  unobtrusive.  If  an  observer  enters 
a  building,  with  its  lighting  in  his  mind,  as  the  thing  to  be 
examined,  then  the  criterion  cannot  be  set  up;  but  if,  with  his 
mind  open,  the  first  thing  that  forces  itself  upon  his  notice 
is  the  illumination,  then  that  illumination  cannot  be  aesthetic. 
A  good  illuminating  disposition  will  so  blend  with  an  aesthetic 
environment  as  to  enhance  the  sum  total  of  pleasing  effect ;  so 
that  the  visitor  is  incited  to  admiration ;  but  it  usually  takes  some 
little  examination  to  perceive  the  share  of  merit  due  to  the  light- 
ing. On  the  other  hand,  no  amount  of  care  given  to  the  light- 
ing may  be  able  to  retrieve  the  shame  of  an  unaesthetic  interior; 
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so  that  where  the  architect  and  decorator  conspire  to  expel  grace 
and  elegance,  the  illuminating  engineer,  alone,  may  not  be  able 
to  tempt  them  to  return.  Consequently,  the  work  of  the  il- 
luminating engineer  may  be  marred  by  the  work  of  his  co-work- 
ers. Nevertheless,  there  is  no  situation  so  aesthetically  desper- 
ate, but  that  care  on  the  part  of  the  illuminating  engineer  may 
somewhat  improve  appearances ;  or  that  carelessness  on  his  part, 
may  not  make  appearances  still  worse.  If,  then,  an  interior  is 
pleasing  to  the  eye,  and  brings  pleasure  to  the  visitor,  by  night, 
as  well  as  by  day,  we  may  feel  sure  that  all  in  its  appearance  is 
in  harmony;  so  that  all  who  have  contributed  to  that  appear- 
ance deserve  praise,  and  the  illuminating  engineer  among  them. 
But  if  the  interior  is  forbidding,  and  brings  unrest  to  the  gazer, 
it  needs  a  special  examination  to  determine  where  the  guilt  may 
lie. 

An  artist  is  likely  to  perceive  quickly  any  defects  in  the 
aesthetics  of  lighting,  either  as  to  intensities  of  tone,  shadows, 
contrasts,  or  colors,  and  an  artist  may,  guided  by  his  trained 
instincts,  learn  without  much  labor,  how  to  arrange  lighting 
sources  aesthetically;  but  such  a  trained  artist  would  probably 
fall  short  of  the  illuminating  engineer,  both  in  regard  to  pro- 
viding satisfactory  quantitative  illuminations,  and  in  providing 
the  required  lighting  with  least  unnecessary  expense.  A  high 
type  of  illuminating  engineer  should  blend  himself  the  artist, 
the  engineer,  and  the  business  man. 

If,  however,  the  illuminating  engineer  is  bound  to  maintain 
an  unassertively  co-operative  attitude  in  the  aesthetic  side  of  his 
work,  he  is  also  bound  to  maintain  a  vigorously  assertive  atti- 
tude in  regard  to  its  hygienic  or  physiological  side.  It  is  a  de- 
plorable misfortune  that  an  innocent  and  ignorant  layman  should 
hang  powerful  lights,  with  a  brilliancy  of  perhaps  several  hun- 
dred candles  per  bright  square  centimeter,  in  the  main  line  of 
sight,  where  an  audience  may  gaze  steadily,  for  an  hour  or  more, 
at  the  orchestra-leader  in  a  concert-hall,  so  that  these  sharp, 
bright  points  tend  to  fall  constantly  on  the  same  spots  of  the 
weary  retina.  It  is,  however,  unpardonable  neglect,  if  the  same 
fault  be  committed  by  the  illuminating  engineer.  In  every  dis- 
position of  light  sources  that  the  engineer  makes  or  examines, 
it  is  his  duty  to  point  out  and  remove  excessive  luminous  inten- 
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sities  from  the  lines  of  ordinary  vision.  The  dangers  attend- 
ing the  use  of  powerful  lights  are  much  exaggerated  when  con- 
sidering healthy  eyes,  in  ordinary  healthy  use;  but  weak  eyes, 
staring  foolishly  for  long  periods  at  bright  lights,  may  be  much 
wearied,   if  not  injured. 

During  daylight  hours,  when  solar  illumination  is  widespread, 
all  objects  within  reach  of  the  eye  have  a  fairly  equal  claim 
upon  our  attention,  save  such  as  by  their  color  contrasts,  or 
large  subtended  solid  angle,  may  happen  to  be  salient  in  the 
momentary  field  of  view.  But  within  doors,  at  night,  only  ar- 
tificially illuminated  objects  are  able  to  reach  our  consciousness, 
through  the  avenues  of  the  optic  nerves.  No  object  can  find 
admission  to  our  consciousness,  save  either  by  stimulating  a 
sensation ;  or,  by  association  of  ideas,  and  memory.  In  a  dark 
room,  unless  we  grope,  and  use  the  tactile  sense,  immediate  ob- 
jects cannot  ordinarily  come  to  our  consciousness,  apart  from 
the  aid  of  memory.  In  the  same  room,  lighted,  the  objects  which 
are  most  likely  to  incite  and  hold  attention,  are  those  which  can 
produce  the  strongest  visual  stimulus,  i.e.,  the  most  brilliantly 
illuminated  objects.  The  illuminating  engineer  can  accentuate 
the  good  appearance  of  a  room,  by  bringing  into  stronger  illumi- 
nation the  more  beautiful  or  more  interesting  portions  of  it. 
Prominent  among  the  brightly  illuminated  and  clamorous  ob- 
jects are  apt  to  be  the  lamps  themselves.  Hence  it  follows  that 
the  observer  is  constantly  apt  to  be  reminded  of  the  existence 
of  a  bright  lamp  in  the  room,  if  it  lies  near  the  level  of  his  eyes. 
If  the  lamp,  as  a  whole,  has  pleasing  form  and  color,  and  these 
suit  the  environment,  the  perpetual  stimulus  to  reconsider  the 
lamp,  as  a  bright  point  on  the  retina,  may  not  be  unpleasant. 
Unless  the  lamp  is  too  bright,  and  its  visible  surface  has  too 
high  an  intrinsic  brilliancy,  there  may  be  either  a  conscious  or 
subconscious  pleasure  in  returning  to  its  gaze.  If,  on  the  con- 
trary, the  lamp  is  unaesthetic,  either  in  itself,  or  in  relation  to 
its  environment,  the  frequent  stimulus  to  review  it,  as  a  bright 
object,  may  be  a  source  of  either  conscious  or  subconscious  dis- 
tress. 

Apart  from  the  question  of  whether  pleasure  or  pain  may  be 
experienced  by  an  aesthetically  sensitive  person,  gazing  and  re- 
gazing  at  a  bright  lamp  or  fixture,  we  must  admit  that  a  grace- 
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ful  object,  is  an  object  that  mentally  and  morally  stimulates; 
while  an  ungraceful  object,  mentally  and  morally  depresses.  The 
responsibility  devolves  then  on  selectors,  and  on  designers,  of 
lamps  and  fixtures,  that  their  light  may  so  shine  before  men, 
that  these  may  add  positive  and  not  negative  quantities  to  the 
sum  of  human  happiness.  The  mistake  is  frequently  made,  in 
this  connection,  that  a  lamp,  to  be  beautiful,  must  be  ornate. 
As  a  rule,  a  lamp  that  is  highly  ornate  is  hard  to  make  beauti- 
ful, except  in  harmony  with  specially  ornate  surroundings.  Sim- 
ple forms  are  more  easily  brought  into  beauty  than  complex 
forms,  as  the  rococo,  in  art,  attests.  In  the  daytime,  an  ungrace- 
ful lamp,  being  unlit,  may  escape  notice,  but  at  night,  when  bright, 
its  harshness  may  mar  every  retinal  image.  Every  designer  of 
fixtures  is  thus  endowed,  by  the  nature  of  his  work,  with  a 
special  influence  for  good  or  ill  upon  the  community,  and  every 
illuminating  engineer,  who  selects  fixtures,  shares  this  respon- 
sibility. 

Some  persons  believe  that  illuminating  engineering  has  already 
attained  its  full  powers  and  only  awaits  a  greater  public  recogni- 
tion. Illuminating  engineering  already  possesses,  indeed,  great 
powers;  but  these  powers  are  rapidly  increasing,  and  will  prob- 
ably increase  very  greatly.  There  is  so  much  yet  to  be  learned 
and  accomplished.  Thus,  in  dynamo-machinery,  engineers  have 
developed  large  generators  and  motors  of  over  95  per  cent,  effi- 
ciency; so  that  an  ideally  perfect  machine  could  exceed  the  ex- 
isting machines,  in  p©int  of  efficiency,  by  only  about  5  per  cent. 
But  illuminating  engineers  have,  as  yet,  developed,  in  light- 
sources,  efficiencies  of  only  a  few  per  cent. ;  so  that  the  ideally 
perfect  lamp  could  give  many  times  more  light  for  the  same 
power  consumed.  Much  also  remains  to  be  investigated  and  as- 
certained in  installing,  applying,  maintaining  and  measuring 
light-sources.  An.  enormous  field  lies  open  to  the  members  of 
this  Society,  a  field  approachable  alike  from  the  aesthetic,  the 
physiological,  the  economical,  the  physical,  or  the  manufacturing 
sides. 

Another  large  and  promising  field  open  to  illuminating  en- 
gineering is  the  production  of  luminous  colored  decorative 
effects,  both  out  of  doors  and  within.  Recent  international  and 
national   exhibitions,   such   as   those  at  Chicago,   Paris,   Buffalo, 
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and  St.  Louis,  have  demonstrated  what  beautiful  decorative 
building  effects  can  be  made,  at  night,  with  ample  and  artistically 
arranged  lighting.  The  tendencies  of  recent  times  in  large 
cities  have  been  towards  greater  display  in  illumination  at  night. 
This  has  perhaps  been  not  so  much  owing  to  improved  facilities 
for  lighting,  as  to  an  increased  demand  and  appreciation,  on  the 
part  of  the  public,  for  luminous  decoration.  The  training  of 
the  public  eye  towards  the  appreciation  of  the  beautiful  in  lumin- 
ous display  is  probably  slow,  just  as  in  the  training  of  the  public 
ear  to  the  beautiful  in  sound  is,  and  has  been,  slow,  as  the  history 
of  music  demonstrates.  In  the  interior  decoration  of  large  pub- 
lic buildings,  relatively  large  expense  in  sources  and  patterns 
of  colored  light  may  be  more  than  repaid  to  the  community,  if 
aesthetic  pleasure  is  produced,  just  as  a  fine  symphony  orchestra 
is  an  intellectual  and  emotional  asset  to  a  large  city  far  beyond 
its  cost.  As  time  goes  on,  we  may  look  for  closer  cooperation 
between  the  architect  and  illuminating  engineer  in  producing 
color  poems,  during  times  when  the  landscape  has  been  forbidden 
by  the  setting  sun  to  steal  away  the  gaze  of  admiration. 

Finally,  it  is  incumbent  upon  us  all,  as  members  of  this  So- 
ciety, to  advocate  in  our  daily  lives  the  purposes  it  fosters.  We 
do  not  all  have  to  wait  for  large  occasions  on  which  to  display 
our  purposes.  Whether  we  attend  to  the  lighting  of  a  large  hall, 
or  a  little  one,  a  great  theater  or  a  small  study,  we  should  seek 
either  to  form,  or  to  intensify,  the  habits  of  illuminating  engi- 
neering, which  are  always  to  bring  grace  as  well  as  cheer,  beau- 
ty as  well  as  brightness,  ample  illumination  where  scrutiny  is 
needed,  sparing  illumination  where  only  a  clear  passageway  is 
sought,  avoiding  unnecessary  glare  and  excessive  brilliance,  all 
with  the  maximum  harmony,  reliability,  convenience  and  econo- 
my. It  is  our  duty  to  aid  the  oculist,  and  medical  man,  in  pre- 
serving at  all  times  the  hygiene  of  the  eye,  to  see  that  the  eyes 
of  the  student  receive  adequate  light,  with  no  unnecessary  glare,. 
or  specular  reflection,  from  the  studied  page,  and  to  check  all  un- 
necessary waste  of  energy  in  uselessly  burning  lights.  All  ar- 
tificial light  beams  are  so  precious  to  mankind  in  their  history, 
traditions,  and  applications,  that  none  should  be  allowed  to  go  to 
waste  where  men  cannot  perceive  them.   Fire  and  firelight  probably 
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marked  the  transition  of  the  anthropoid  ape  to  the  simian  man, 
a  tremendous  psychological  distinction.  It  is  only  proper  that 
we,  who  owe  so  much  to  artificial  light,  through  its  cumulat- 
ing beneficent  influence  on  many  generations  of  our  ancestors, 
should  return  reverence  for  its  radiance,  and  enhancement  for 
its  luster. 
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REFLECTION  CO-EFFICIENTS.1 


BY   PAUL  F.    BAUDER. 


In  presenting  this  paper  before  the  Illuminating  Engineering 
Society  the  author  wishes,  primarily,  to  bring  out  the  necessity 
for  obtaining  more  definite  data  upon  the  absorbing  and  reflect- 
ing values  of  various  surface  media  when  used  in  conjunction 
with  the  many  commercial,  artificial  and  natural  systems  of  il- 
lumination. 

At  present  an  illumination  plan  for  any  given  Interior  does 
not  lay  sufficient  stress  upon  the  color  requirements  of  the  light- 
ing source,  whether  natural  or  artificial,  combined  with  the  walls, 
ceiling,  floor  and  contents  of  the  given  interior.  In  order  to 
present  more  fully  the  importance  of  the  above  details  in  the  il- 
lumination specifications  for  given  interiors  one  must  consider 
not  only  the  efficiency  of  the  lighting  sources  with  which  the 
illuminating  engineer  must  work,  but  likewise  the  combined 
artistic  and  architectural  effect  produced  by  the  given  installa- 
tion. 

An  immense  amount  of  work  has  been  done  to  impress  upon 
the  mind  of  the  engineer,  as  well  as  the  general  public,  the  fact 
that  certain  sources  of  light  compare  closely  to  what  has  been 
termed  daylight.  Investigations  have  been  carried  out  to  dis- 
prove such  statements,  and  there  is  no  tendency,  at  the  present 
time,  to  describe  an  artificial  illuminant  as  one  which  will  pro- 
duce daylight.  No  artificial  illuminant  as  at  present  manu- 
factured and  installed,  can  combine  intensity,  color  value,  direc- 
tion, brilliancy,  volume  and  diffusion  of  light,  in  the  same 
manner  as  they  occur  in  natural  light  installations. 

When  the  artificial  light  sources  given  in  Table  I  are  com- 
pared, upon  the  afore-mentioned  basis,  with  daylight  as  a  source, 
one  is  at  once  brought  face  to  face  with  the  fact  that  none  is 
at  present  able  to  approach,  except  in  a  very  small  degree,  the 
effect  obtainable  from  daylight.  The  most  important  considera- 
tion is  entirely  missing,  namely,  the  lack  of  adaptability  of 
artificial  sources  to  given  interiors. 

1  A  paper  presented  at  a  m.-eting  of  the  New  York  Section  of  the  Illuminating  Engi- 
neering Society.  January  12,  1911. 
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TABLE  I.  — Light-Sources. 
Electric  Incandescent  Lamps. 
Carbon 

Graphitized  carbon 
Tantalum 
Tungsten 

Vapor  Lamps. 
Carbon  dioxide 
Nitrogen 

Mercury-vapor  (glass) 
Mercury-vapor  (quartz) 

Arcs. 
Open 
Enclosed 
Luminous 
Flaming 

Incandescent  Fieament. 
Nernst 

Gas. 
Open  flame 
Incandescent  mantle. 
Acetylene 

OlE. 
Gasoline  vapor  used  with 
incandescent  mantle. 

In  making  final  decision  as  to  what  type  of  artificial  illuminant 
should  be  used  in  lieu  of  daylight  the  illuminating  engineer  is 
initially  impressed  with  the  failure  of  the  artificial  source  to  give 
anything  like  satisfactory  results,  from  the  standpoint  of  color 
values  obtained,  as  compared  with  the  same  results  obtained  from 
daylight. 

The  second  item  that,  is  usually  considered  in  connection  with 
the  commercial  use  of  any  given  type  of  illuminant,  such  as 
shown  in  Table  I,  is  the  efficiency  of  operation.  Excluding  this 
the  engineer  usually  accepts  any  given  type  so  as  to  meet  his 
individual  commercial  inclinations. 

The  third  detail,  which  is  considered  the  most  important,  is  to 
cover  a  given  area  with  a  proper  intensity  of  light  by  the  use 
of  the  selected  sources.  It  is  true  that  the  location  of  the  given 
light  source  is  usually  made  to  conform  to  the  given  architectural 
requirements.  It  has  been  contended,  however,  by  several 
authorities  that  the  selection  of  given  illuminants  should  depend 
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primarily  upon  the  color  of  light  and  reflector,  color  of  interior 
surfaces,  character  of  work  to  be  done  under  the  given  light, 
etc.,  all  of  which  items  must  be  decided  upon,  primarily,  from  the 
consideration  of  what  effect  a  given  light  has  upon  the  average 
human  eye. 

With  all  of  the  developments  which  have  been  made  in  the 
manufacture  of  light  sources,  it  has  been  a  surprise  to  find  that 
nothing  radical  has  been  done  by  paint,  paper  or  tapestry  manu- 
facturers to  make  any  given  interior  decorative  materials 
harmonize  with  given  light  sources  any  better  than  they  did  when 
less  efficient  and  thoroughly  unsatisfactory  methods  of  illumina- 
tion were  in  general  use. 

The  excellent  paper  presented  before  the  New  York  Section 
of  the  Illuminating  Engineering  Society  last  March  by  Mr.  C. 
R.  Clifford  indicates,  in  a  general  way,  what  should  be  con- 
sidered from  an  aesthetic  standpoint  in  the  relationship  of  decora- 
tion to  the  illuminating  engineer.  In  order  to  obtain  the  basis 
for  a  further  estimate  as  to  the  importance  of  reflection  and 
absorption  in  planning  interior  illumination,  there  are  presented 
in  Table  II  the  results  obtained  by  Dr.  Herbert  E.  Ives  for  a 
3.1-watt  per  candle  carbon  and  a  1.25-watt  per  candle  tungsten 
lamp,  as  to  energy-flow  and  sensation  values,  and  which  are 
shown  in  a  paper  presented  before  the  society  on  March  17,  1910. 

TABLE  II.— Energy-flow  Value  by  Wave  Lengths.    Sensation 

Values. 

Source  0.43       0.47       0.51        0.55         0.59      0.63      0.67  Red    Green    Blue 

Blue  skv 185.0  180.0  146.0  120.0  100. o     87.0     77.0     }      '       27'2     4    o 

(32.0     32.2     35.8 

Carbon  lamp.  •  •     7.0     18.0     34.5     62.0  100. o  148.0  204.0     )5°-9     4o.  .5 

f  '  ^  °  4"  1  (5I.3       4O.4  8.3 

Tungsten  lamp.  10.2     22.8     40.5     66.5  100.0  138.0  179.0     ,1'^ 

&  1  too  o  iy        (4S.7     40.5     10.9 

As  noted  from  the  above  table  the  energy-flow  value  by  wave 
lengths  for  the  carbon  and  the  tungsten  lamp  varies  considerably 
from  the  values  for  blue  sky.  The  comparison  for  the  wave 
lengths  given  between  the  carbon  lamp  and  the  tungsten  lamp 
show  considerable  variation  in  the  actual  energy-flow  values 
of  these  two  incandescent  lamp  sources,  and  when  considered 
in  connection  with  the  sensation  values  of  red,  green  and  blue, 
it  is  immediately  noted  that  the  various  colors  composing  the 
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spectra  of  these  two  sources  can  be  turned  to  more  efficient  value 
by  not  only  using  the  proper  reflector  but  likewise  the  proper 
interior  surface  coverings,  in  such  locations  as  either  of  these 
two  sources  may  be  used.  So  great  is  the  variation  of  these 
light  sources  from  the  color  of  daylight  that  interior  decorations, 
from  an  artistic  and  chromatic  standpoint,  cannot  be  satisfactori- 
ly selected  for  only  daylight  effect,  but  should  be  selected  with 
considerable  attention  to  the  effect  which  is  produced  in  the 
interior  when  artificial  illumination  is  used. 

Present  conditions  of  living  require  the  use  of  such  a  great 
number  of  hours  of  artificial  light  that  particular  attention  should 
be  paid  to  the  use  of  given  interiors  when  artificial  light  is  used, 
in  order  to  obtain  not  only  maximum  lighting  efficiency  but  like- 
wise maximum  artistic  effect  from  the  complete  installation  of 
light  source  and  surroundings. 

In  order  to  appreciate  more  fully  what  effects  are  produced  by 
the  various  colors  of  light  forming  the  spectrum  of  any  given 
source,  attention  may  be  called  to  Table  III,  showing  the  various 
effects  accentuated  with  red,  green  and  blue  light  falling  on 
various  fabrics  of  red,  green,  blue  and  white,  as  obtained  by  Mr. 
Chevreul,  at  the  Goblin  Tapestry  Works,  with  additions  by  Mr. 
W.  D'A  Ryan. 

TABLE  III.— Effect  of  Colored  Lights  on  Aniune  Dyed 
Materials. 
Red    rays  falling  on  white  make  it  appear  red. 


Green 


Blue 


It  is  not  possible  to  consider  an  installation  of  given  sources 
of  light  solely  from  the  standpoint  of  color  values  which  are 


red         "       ' 

'       "       deeper  red. 

green    "       " 

1        "       yellowish  gray. 

blue      "       " 

"       violet. 

black    "       " 

"        rusty-black. 

white    "       " 

"       green. 

red        "       " 

"       yellowish  brown. 

green    "       " 

"       deeper-green. 

blue      "       " 

"        bluish  green. 

black    "       " 

"        dark  greenish  gray 

white    "       " 

"        blue. 

red        "       " 

"        purple. 

green  "       " 

"       bluish  green. 

blue     "       " 

'•       deeper-blue. 

black  "       " 

"       bluish  black. 
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retained,  or  slightly  changed,  but  the  incorrect  use  of  the  lighting 
source  for  given  interior  decorations,  is  liable  to  fail  completely 
in  producing  a  pleasing  or  satisfactory  effect.  Other  considera- 
tions must  be  met  by  such  installations  of  lighting  sources,  some 
of  which  have  been  previously  noted. 

The  application  of  many  of  the  characteristics  of  daylight, — 
chief  among  which  is  diffusion  of  light, — cannot  be  obtained  by 
the  use  of  artificial  illuminants, — no  matter  in  what  way  they 
may  be  used.  If  it  were  possible  to  diffuse  the  light  from  a  given 
artificial  source,  and  if  this  diffusion  could  be  obtained  in  a 
fashion  similar  to  that  in  daylight,  many  of  the  difficulties  of 
interior  illumination  would  be  eliminated.  The  importance  of 
properly  diffusing  the  light  has  been  given  no  serious  considera- 
tion by  the  manufacturers  of  interior  finishings,  such  as  paint, 
wallpaper,  tapestry,  etc.,  applied  to  walls,  ceilings,  floors, 
furniture,  etc. 

It  is  impossible  to  obtain  the  diffusion  of  light  which  occurs 
in  nature  by  suspended  particles  of  foreign  substances  in  the 
air,  but  it  is  possible  to  obtain  diffusion  of  light  as  satisfactorily 
as  it  is  obtained  in  nature  by  diffused  reflection  from  various 
surrounding  objects,  such  as  ground  and  building  surfaces.  The 
proper  application  of  artificial  lighting  units  to  interiors  should 
allow  for  the  correct  diffusion  of  the  light  by  surface  reflection. 

Particular  attention,  it  is  true,  is  paid  by  the  interior  decorator 
to  the  artistic  and  aesthetic  values  of  any  interior  furnishings, 
including,  likewise,  the  lighting  unit.  Due  to  the  fact  that  suffi- 
cient authentic  data  are  not  at  hand,  it  is  to  be  doubted  if  the 
proper  amount  of  consideration  has  been  given  to  the  adapta- 
tion of  proper  interior  surface  coverings  to  be  used  to  obtain 
maximum  diffusion  of  light  as  well  as  the  most  artistic  and  effi- 
cient illumination. 

A  proper  psychological  effect  with  a  given  installation  cannot 
be  produced  without  the  use  of  some  type  of  wall,  ceiling  and 
floor  covering,  which  is  best  adapted  for  use  with  a  given  type 

I      of  light  source,  combined  with  a  given  type  of  reflector. 
Many  times  the  pleasing  effect  obtained  from  the  use  of  given 
interior  finish  for  walls,  ceiling,  floor  and  decorations,  is  not  by 
any  means  the  most  efficient  combination  which  can  be  obtained 
from  a  lighting  standpoint.     Many  times  the  lighting  source  is 
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so  hidden  by  the  use  of  shades  that  the  actual  amount  of  light 
delivered  to  the  room  is  only  a  few  percent  of  the  total  amount 
of  light  generated  by  the  source  itself.  This  condition  can  easily 
be  remedied  if  the  proper  attention  is  given  to  the  selection  of 
any  one  of  several  types  of  artificial  lighting  sources,  combined 
with  properly  tinted  reflectors. 

The  results  which  can  be  obtained  by  the  use  of  different  types 
of  reflector  with  two  differents  types  of  interior  decoration 
are  shown  in  the  accompanying  illustrations.  The  experimental 
work  in  obtaining  these  results  was  recorded  by  Messrs.  A.  L. 
Parsons  and  H.  W.  Smith,  in  a  report  upon  "The  Illumination  of 
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Fig.  i.— Plan  and  elevation  of  room,  and  center  view  showing  position  oflaraps. 

Study  Rooms,"  submitted  to  the  Superintendent  of  the  Naval 
Academy,  in  Annapolis. 

The  rooms  in  which  the  experiments  were  made  are  illustrated 
in  the  accompanying  elevations  and  floor  plans  of  Fig.  I.  The 
same  furniture  was  used  in  room  during  all  the  tests,  and  the 
decoration  of  walls  and  ceiling  indicated  in  Fig.  2  which  is 
described  in  the  following  curves  of  illumination  as  "Original 
Decoration"  is  as  follows :— Plastered  walls  and  ceiling;  former 
painted  with  light  reddish  brown,  matt  surface,  oil  color ;  latter 
are  dead  white,  either  painted  or  whitewashed. 

"The  Redecorated"  rooms  were  the  same  as  those  indicated 
by  "Original,"  with  the  following  changes  in  coloring  of  walls 
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and  ceilings : — The  color  selected  for  the  walls  was  a  light 
greenish-yellow,  which,  by  the  light  of  tungsten  lamps  becomes 
a  pleasing  yellowish  green.  "Other  similar  tints  are  suitable, 
but  in  general  we  prefer  a  tint  tending  to  yellow  for  shady  rooms, 
and  one  tending  to  green  for  sunny  exposures."  The  walls  were 
finished  with  a  dado,  extending  to  a  height  of  four  feet,  and  of 
a  slightly  darker  tone  than  the  main  wall  surface.  The  ceiling 
was  painted  a  white  slightly  tinted  with  yellow.  The  ceiling 
color  was  extended  downward  about  fifteen  inches  to  a  picture 
molding,  in  order  to  reduce  the  apparent  height  of  the  room. 

The  illustrations  given  by  Figures  3,  4,  5  and  6  show  the  il- 
lumination results  obtained  with  an  illuminometer,  and  the  units 
used  were  tungsten  lamps  equipped  with  various  types  of  pris- 
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Fig.  2. — Arrangement  of  room,  showing  color  scheme. 

matic  reflectors.  The  data  shown  indicates  that  reflection  from 
interior  surfaces  varies  the  resultant  effective  illumination  to 
a  considerable  extent,  according  to  the  type  of  reflector  used. 

Some  of  the  conclusions  which  were  obtained  from  the  large 
amount  of  data  are  as  follows : 

i.  That  re-decorating  the  rooms  (in  which  the  tests  were 
carried  on)  decreased  their  apparent  height,  and  rendered 
their  general  aspect  more  pleasing.  The  tint  of  the  ceiling 
decreased  somewhat  the  illumination  over  the  working  area, 
but  this  loss  in  efficiency  was  not  sufficient  to  warrant  the 
retention  of  the  dead-white  surface. 

3-  That  a  very  substantial  part  of  the  effective  illumination 
was  due  to  light  reflected  from  walls  and  ceiling. 
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Fig.  3. — Illumination  with  two  short-base  clear  40-watt  tungsten  lamps  in 
prismatic  reflector. 
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Fig.  4. — Illumination  with  two  long-base  frosted  tungsten  lamps  in  intensive 
prismatic  reflectors. 
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The  effect  which  might  have  been  obtained  from  a  proper 
combination  of  lighting  source  and  reflector  tinted  to  some  shade 
matching  the  colors  of  the  light  source  as  well  as  those  of  the 
re-decorated  room,  would  have  materially  increased  the  artistic 
if  not  the  lighting  efficiency. 

So  far  as  the  author  is  aware,  no  results  of  a  definite  character 
have  been  submitted  to  the  Illuminating  Engineering  Society  as 
to  the  use  of  reflectors  of  different  tints  of  glass  with  the  different 
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F^   5- — Illumination  with  two  40-watt  long-base  frosted  tungsten  lamps  in  focusing 
prismatic  reflectors. 

types  of  interior  wall,  ceiling  and  floor  coverings.  It  is  true 
that  an  interior  of  any  one  size  could  not  be  taken  as  a  standard 
from  which  to  work  out  the  effects  produced  by  the  use  of  such 
types  of  reflector  and  lighting  source  as  are  commercially  used 
at  the  present  time. 

The  results  obtained  by  Mr.  F.  H.  Gilpin,  as  recorded  in  the 
paper  presented  before  the  Philadelphia  Section  of  the  Illumina- 
ting Engineering  Society,  on  October  21,  19 10,  show  the  effect 
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of  the  variation  of  the  incident  angle  on  the  co-efficients  of 
diffused  reflection.  This  paper  contained  a  most  interesting 
explanation  of  results  carried  on  with  the  lighting  source,  an 
upright  mantle  gas  burner,  with  a  clear  chimney.  The  results 
obtained  clearly  indicate  that  various  kinds  of  paper,  such  as 
were  used,  vary  greatly  in  their  efficiency  of  diffused  reflection. 
The  table  of  data,  if  properly  used,  indicates  the  scope  of  work 
which  can  be  done  in  continuing  the  results  of  these  investiga- 
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6 —Illumination  with  three  40-watt  long-base  frosted  tungsten   lamps  in   extensive 
prismatic  reflectors. 


tions  to  many  different  types  of  wall,  ceiling  and  floor  covering, 
for  the  architect,  interior  decorator  and  finisher.  The  following 
conclusions  by  Mr.  Gilpin  are  of  interest  in  application  to  the 
present  paper.  "For  high,  narrow  rooms,  for  indirect  light- 
ing or  where  the  lamps  are  placed  near  the  walls,  a  glossy  paper 
will  give  the  best  results ;  while  for  wide  flat  rooms,  or  centrally 
located  lamps,  the  difference  between  the.  rough  and  the  smooth 
papers  would  be  practically  negligible." 

Tests  which  were  carried  on  by  the  author  about  two  years  ago 
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were  made  in  conjunction  with  a  study  of  the  quality  of  light  of 
various  artificial  lighting  sources,  as  compared  with  daylight. 
The  tests  were  carried  on  in  a  room  shown  in  Fig.  7,  ten  feet 
square  by  ten  feet  high,  and  the  wall  coverings  were  varied  from 
white  to  red,  green  and  blue  while  the  floor  was  white  in  the 
first  instance  after  which  the  covering  was  removed  leaving  a 
dark  wood  floor.  The  illuminants  used  in  this  case  were  clear 
incandescent  lamps  in  extensive  type  prismatic  reflectors,  and 
the  results  of  the  illumination  in  foot-candles  were  ascertained  by 
the  use  of  an  illuminometer  at  different  stations  indicated  in  the 
accompanying  drawing. 
The  object  of  obtaining  these  values   was  to   determine  the 
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Fig.  7. — Plan  and  elevation  of  test  room. 


co-efficients  of  reflection  for  colored  wall  coverings  as  compared 
to  a  room  having  white  floor,  walls  and  ceiling. 

Previous  to  carrying  out  the  tests  of  illumination  in  the  room 
above  described,  the  color  values  of  the  fibrous  red,  green  and 
blue  paper  wall  coverings  were  taken  with  a  colorimeter,  and 
compared  with  daylight,  as  standardized  by  several  lamps  ob- 
tained from  the  Bureau  of  Standards  at  Washington.  These 
lamps  had  in  turn  been  compared  with  the  then  adopted  average 
standard  of  daylight  obtained  by  Dr.  Herbert  E.  Ives. 

The  method  by  which  these  values  were  taken  is  indicated  by 
the  accompanying  photograph  Fig.  8,  of  the  colorimeter,  as 
arranged  for  test.  The  magnesium  block  shown  was  replaced 
by  a  strip  of  each  of  the  wall  coverings  indicated,  namely — red, 
green  and  blue. 

These  values  are  as  shown  in  Table  IV. 
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TABLE  IV. — Colorimeter   Readings  of  Various  Types   of    Wall- 
Paper  in  Terms  of  Standard  Daylight. 

Type  of  Color  of  surface  on  which  light  falls, 

illuminant  White  Red  Green  Blue 


Daylight         R.         G.         B.         R.         G.         B.         R.         G.         B.         R.       G.  B. 

IOO      IOO      IOO      I90      89      IOO      91       171       IOO      57      122       IOO 

Blue  is  taken  as  100  in  each  case. 


Several  types  of  artificial  illuminant  were  likewise  used,  name- 
ly— treated  carbon,  graphitized  carbon,  tantalum  and  tungsten 
filament  lamps,  without  reflectors,  were  used  to  obtain  the  color- 
imeter values  of  the  various  wall-papers  which  were  hung  in  the 


Fig.  8. — View  of  colorimeter,  showing  magnesium  block. 

test  room.  The  incandescent  lamps  were  so  placed  as  to  allow 
the  maximum  flux  to  fall  normally  upon  the  surface  of  the  wall- 
paper. 

These  measurements  of  the  sensation  colors  of  the  various  sur- 
faces upon  which  the  light  of  each  illuminant  fell  are  indicated  in 
Table  V. 


TABLE  V.— Colorimeter  Readings  of  Various  Illuminants. 

In  terms  of  standard  daylight  =  Red  100,  Green  100,  Blue  100. 
Color  of  surface  on  which  light  falls. 
Type  of  White  Red  Green  Blue 

illuminant  R.      G.       B.  R.        G.       B.         R.  G.       B.        R.      G.     B. 

Treated  carbon 2575-1361-100  12080- 1850- 100.  2170-1966-100  481-345-100 

Graphitized  carbon.   1342-  788-100     8380-1525-100  1071-  812-100  421-324-100 

Tantalum 1099-  592-100     3429-  640-100  1171-  877-100  242-204-100 

Tungsten 780-  462-100     1850-  362-100    655-  670-100  209-178-100 
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A  comparison  of  these  results  with  those  given  in  the  previous 
table  indicates  the  extent  to  which  the  artificial  illuminants  fail 
to  approach  the  daylight  values. 

In  making  the  illuminometer  tests  aforementioned,  the  incan- 
descent lamp  sources,  in  extensive  type  clear  prismatic  reflectors, 
were  suspended  about  two  feet  below  the  center  of  the  ceiling. 

The  same  reflector  with  different  types  of  holder,  correspond- 
ing to  the  lamp,  was  used  for  all  of  the  tests.  The  incandescent 
lamps  were  photometered  at  rated  specific  consumption  and  the 
resultant  constant  voltage  was  maintained  upon  them  during  the 
test. 

The  sizes  of  the  various  lamps  are  as  follows : 

TABLE  VI.— Incandescent  Lamps  Used  in  Tests. 

Specific  consumption        Total  consumption  Approximate 

Type  watts  per  candle  watts  candle-power 

Treated  carbon 3.1  60  20 

Graphitized  carbon . .   2.5  50  20 

Tantalum 2.0  40  20 

Tungsten 1.25  25  20 

The  illuminometer  measurements  were  taken  at  stations  in- 
dicated in  Fig.  7  as  1,  2  and  3,  and  the  values  for  the  several 
differing  conditions  of  wall  covering,  viz.:  white  (white  floor  and 
ceiling),  red,  green  and  blue  (the  latter  three  with  dark  wood 
floor  and  white  ceiling),  are  not  given,  as  these  values  were  re- 
duced to  percentages  of  absorption  as  follows : — 

The  white  room  (walls,  floor  and  ceiling)  values  have  been 
assumed  to  be  maximum,  and  the  illuminometer  values  for  the 
rooms  draped  in  red,  green  and  blue  have  been  expressed  in 
percentages  of  reflection  as  indicated  in  Table  VII  for  stations 
1  and  2. 

TABLE  VII.— Per  Cent.  Reflection  in  Test  Room. 

Station  1.  Station  2. 

Red  Green  Blue  Red  Green  Blue 

Illuminant  Walls  Walls  Walls  Walls  Walls  Walls 

Treated  carbon 57-6o         54.20  47.30  53.60  49.10  43.60 

Graphitized  carbon 56.95         51.85  46.90  48.40  47.80  44.65 

Tantalum 50.60         49.00  45.75  49.35  50.10  47.90 

Tungsten 49.15         51.60  50.90  47.45  51.70  49.97 

Station  3.  Average. 

Treated  carbon 48.97         42.40  40.80  53-39  48.57  43.90 

Graphitized  carbon  ... .   47.25         48.40  42.00  50.85  49.35  44.55 

Tantalum 47.86        49.70  44.68  49.27  49.60  46.11 

Tungsten  45.0  49.95  50.26  47.20  51.08  50.38 

Note: — All  stations  28  inches  above  floor. 
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From  the  figures  indicated  in  Table  VII  it  is  proven  that, 
for  the  test  room  used,  the  absorption  of  light  is  a  most  important 
item.  The  variation  occurring  from  the  use  of  various  colors 
of  wall-paper  in  comparison  to  white  wall  and  floor  coverings 
is  not  as  great  as  was  expected  before  the  tests  were  made.  It 
is,  nevertheless,  evident  that  various  results  for  higher  effi- 
ciency of  illumination  could  have  been  obtained  if  a  different 
style  of  reflector  had  been  used. 

With  decorative  styles  of  shade,  such  as  are  given  in  Table 
VIII  it  is  readily  seen  what  an  immense  improvement  has  been 
made  in  obtaining  higher  lighting  efficiency  from  reflectors  over 
that  obtained  with  the  more  or  less  strictly  decorative  styles  of 
glassware. 

TABLE  VIII.— Efficiency  of  Glass  Globes. 

Description  Absorption  Efficiency 

Percent.  Percent. 

Clear  glass 5-12  88-95 

Light  sand  blast 10-20  80-90 

Alabaster 1 0-20  80-90 

Canary  colored 15-20  80-85 

Light  blue  alabaster 15-25  75-85 

Heavy  blue  alabaster 15-30  70-85 

Ribbed  glass 15-30  70-85 

Opaling  glass 15-40  60-85 

Ground  glass 20-30  70-80 

Medium  opalescent 25-40  60-75 

Heavy  opalescent 30-60  40-70 

Flame  glass 30-60  40-70 

Signal  green 80-90  10-20 

Ruby  glass 85-90  10-15 

Cobalt  blue 90-95  5-10 

Note: — Light  source  not  known. 

From  these  results  it  is  shown  to  what  extent  the  use  of 
inefficient  globes  decreases  the  efficiency  of  the  source.  Similar 
results  should  be  obtained  for  interior  decorations  in  order  to 
combine  the  lighting  source  and  interior  as  a  complete  illumina- 
tion system  rather  than  to  consider  each  separately. 

For  certain  locations  there  is  more  of  a  necessity  to  direct  the 
light  at  once,  without  wall  or  ceiling  reflection,  upon  the  work  at 
hand,  and  in  order  to  accomplish  this  result  steel  reflectors  of 
various  surface  finishes  have  been  adopted.  A  considerable  loss 
occurs,  as  the  efficiency  of  reflection  varies  from  60  to  65  accord- 
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ing  to  the  type  of  reflector,  but  the  results  from  a  correct  il- 
lumination  standpoint   are   apparently   warranted. 

A  great  deal  has  been  and  is  being  done  by  incandescent  lamp 
and  reflector  manufacturers  to  increase  the  lighting  efficiencies 
of  the  various  styles  of  reflector,  and  the  possibilities  for  manu- 
facturers of  interior  decorations,  such  as  art  glass,  wall  hangings, 
etc.,  include  a  field  of  immense  dimensions. 

The  illuminating  engineer  must,  at  the  present  time,  determine 
for  himself  the  many  diverse  details  of  not  only  the  efficiency  and 
adaptability  of  a  given  lighting  installation,  but  likewise  the 
utilitarian  and  artistic  effect  produced  by  it. 

The  intention  of  this  paper  is  merely  to  indicate  in  a  small 
measure  what  a  necessity  there  is  to  consider  the  importance  of 
reflection  and  absorption  of  light  in  obtaining  the  best  from 
any  installation  of  light  sources. 

DISCUSSION. 

Mr.  Norman  Macbeth : — The  studies  of  co-efficients  of  reflec- 
tion are  very  valuable  as  tabulations,  but  it  is  very  difficult  to 
use  them.  However,  there  is  one  point  worthy  of  commenda- 
tion, namely,  that  the  colors  of  papers  used  and  also  of  the 
sources  were  measured  with  the  colorimeter,  working  back  from 
the  daylight  standard  established  by  Dr.  Ives. 

In  the  matter  of  dyes,  it  is  to  be  remembered  that  various 
colors  have  various  selective  absorption  characteristics.  A  cer- 
tain red  may  have  a  co-efficient  of  absorption  different  from  that 
of  another  red  where  a  different  dye  was  used  to  produce  the 
color.  I  recall  an  experience  of  an  acquaintance  who  was  a 
color  expert  in  the  carpet  industry,  which  illustrates  this  very  clear- 
ly. Each  carpet  expert  keeps  his  formulas  in  a  vest-pocket  note- 
book, and  when  he  leaves  an  establishment  he  takes  his  book  with 
him  :  his  successor  must  then  take  two  pounds  of  No.  6  and  a  pound 
of  number  something  else  and  attempt  to  secure  the  colors  which 
the  former  man  had  used.  The  new  man  got  along  very  well 
until  he  had  to  match  colors  for  the  staple  lines  of  carpets  used 
in  residences.  The  factory  had  some  sections  of  carpet  returned 
to  it  where  a  strip  of  the  new  carpet  was  sewed  to  a  strip 
of  the  older  stock,  which  matched  perfectly  under  daylight  con- 
ditions, but  not  at  all  under  different  illuminants  at  night. 
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Whether  the  intensity  of  illumination  should  be  higher  on  the 
ceilings  and  walls,  or  on  a  lower  plane  can  be  shown  by  taking 
brightness  measurement.  The  measurements  of  apparent  brightness 
can  be  taken  in  terms  of  the  equivalent  intensity  on  a  white  surface. 
I  was  interested  in  making  some  tests  a  month  or  so  ago  on  in- 
direct lighting  because  many  photographs  from  the  West,  which 
is  generally  accepted  as  the  home  of  indirect  lighting,  show  the 
ceilings  illuminated  uniformly  with  a  high  intensity  without  dark 
spots  or  shadows.     I  found,  however,  that  this  was  not  the  case. 

Mr.  Bassett  Jones,  Jr. : — That  brightness  measurements  afford 
a  good  basis  for  comparison  of  installations  is  very  true,  but 
measurements  of  brightness,  intrinsic  brilliancy,  watts  per  candle, 
etc.,  can  not  always  be  used  to  judge  the  merits  of  an  installa- 
tion. It  must  be  remembered  that  the  architect  determines  the 
conditions  of  the  decoration,  and  it  is  not  a  question  of  adapt- 
ing the  decorations  to  the  light  sources,  but  the  reverse.  The 
lighting  must  be  made  an  integral  part  of  a  room,  so  that  the 
decoration  can  be  seen  well.  One  can  go  only  just  so  far  with 
his  calculations;  he  must  use  his  judgment,  and  stop  where  his 
judgment  dictates.  It  is  improper  to  assume  that  there  are  cer- 
tain pre-determined  ways  of  lighting  a  room.  There  are  no  such 
ways.  Predetermination  methods  can  be  applied  to  many  types 
of  rooms,  but  in  many  other  cases  a  sense  of  feeling  of  the  effect 
which  must  be  achieved  in  the  rooms  is  the  only  correct  guide  to 
the  solution  of  the  illumination  problem. 

Mr.  E.  N.  Hyde : — Referring  to  color  and  its  special  relation 
to  decoration,  mention  should  be  made  of  the  relation  between 
brilliancy  of  color  and  quantity  of  light.  It  is  quite  noticeable 
that  a  piece  of  red  cloth  lighted  at  an  intensity  of  two  foot-can- 
dles increases  in  brilliancy  when  a  reflector  is  placed  over  the 
light  source  thus  increasing  the  intensity  on  the  cloth  to  6  or  8 
foot-candles.  If  the  architect  or  decorator  has  in  mind  a  definite 
color  scheme,  he  should  take  into  consideration  the  number  of 
lumens  required  to  give  the  desired  hues.  With  insufficient 
light  the  hues  may  not  stand  out  in  sufficient  contrast,  while  with 
too  much  light,  the  hues  may  appear  altogether  too  pronounced, 
and  the  contrast  may  be  greater  than  is  desired. 

Mr.  Bauder : — Illuminating  engineering  has  been  most  success- 
fully applied  not  only  to  the  manufacture  of  incandescent  gas  and 
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electric  light  sources  but  also  to  reflectors ;  now  the  opportunities 
of  applying  it  to  the  manufacture  of  interior  finishings  and  dec- 
orations, so  as  to  combine  the  whole  into  one  complete  unit,  is 
apparent.  The  ordinary  illuminating  engineer,  due  to  the  fact 
that  commercialism  must  decide  for  him  what  type  of  lighting 
unit  must  be  installed,  does  not  place  due  consideration  upon  the 
results  which  he  expects  to  obtain  by  the  use  of  one  given  style 
of  illuminant.  The  combination  of  reflection  from  walls,  floor 
and  interior  furnishings  are  such  that  if  some  accurate  informa- 
tion were  obtained  as  to  surface  reflection  the  engineer  would 
be  able  to  obtain  much  more  efficient  results  than  he  is  obtain- 
ing at  the  present  time. 

An  example  of  the  failure  of  an  illumination  plan  to  produce 
satisfactory  results  for  the  work  at  hand,  was  brought  to  my 
attention  in  one  of  the  large  Philadelphia  department  stores. 
This  installation  of  tungsten-filament  lamps,  with  prismatic  re- 
flectors, was  intended  for  the  silk  thread  and  embroidery  counter. 
At  this  location  more  attention  was  paid  to  slight  variations  in 
color  than  in  almost  any  other  location  in  the  store.  The  opinion 
was  received  from  one  of  the  clerks  that  it  was  always  necessary 
to  take  the  sample  to  be  matched  to  the  window  with  several 
spools  of  silk,  in  order  to  obtain  any  degree  of  accuracy  in  match- 
ing colors.  She  picked  out  several  samples  of  various  shades  of 
brown,  in  order  to  prove  this  statement,  with  the  request  that  I 
select  two  which  were  alike.  I  did  so  easily  when  directly  be- 
neath one  of  the  reflectors,  but  found  it  impossible  to  do  so  when 
holding  the  samples  over  the  counter.  The  clerk  was  asked  to 
do  the  same  and  proved  to  her  satisfaction  that  similar  colors 
could  be  matched,  as  I  had  done,  without  going  to  the  window 
to  do  so.  This  fact  merely  indicates  the  failure  of  the  engineer 
to  consider  the  necessity,  not  of  proper  color  of  light,  but  of  the 
proper  quantity  of  light  for  this  given  set  of  conditions. 
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THE  LIGHTING  OF  A  STABLE.1 


BY   E.    B.    EICHENGREEN. 


The  problems  confronting  the  illuminating  engineer  are  be- 
coming more  varied  each  day.  One  problem  which  has  thus 
far  received  scant  attention,  is  that  of  stable  lighting.  Where 
gas  is  used  in  stable  lighting,  it  is  generally  found  that  the  light- 
ing equipment  consists  of  open  flame  burners  or  old  style  incan- 
descent burners  and  cluster  lamps.  The  problem  which  will  be 
discussed  in  this  paper  is  the  relighting  of  the  main  stable  build- 
ing at  Ninth  and  Diamond  Streets,  Philadelphia,  and  it  is  hoped 
that  a  description  of  this  installation  may  prove  interesting.  In 
the  first  place  it  should  be  stated  that  the  bulk  of  the  work  in  the 
above  stable  must  necessarily  be  done  by  artificial  light,  especially 
in  the  winter  months,  as  the  horses  and  wagons  must  be  gotten 
out  early  in  the  morning,  and  do  not  return  until  evening.  It 
is  therefore  of  prime  importance  to  have  the  most  efficient  light- 
ing installation  obtainable. 

The  stable  will  accomodate  75  horses  and  from  40  to  50 
wagons,  and,  as  shown  in  Fig.  1,  which  is  a  plan  of  the  first 
floor,  is  151  feet  long  and  54  feet  wide.  At  the  west  end  of  the 
building  is  the  wash-pave  and  auxiliary  run-away  to  the  second 
floor,  and  at  the  east  end  of  the  building  are  the  offices  and 
harness  room. 

The  problem  which  had  to  be  met  in  the  general  illumination 
of  the  first  floor  was  made  easy  by  reason  of  the  location  of  the 
steel  girders  which  are  shown  in  Fig.  2.  As  the  units  which 
it  was  decided  to  install  had  to  be  placed  as  close  to  the  ceiling  as 
possible,  it  was  found  necessary  to  locate  them  midway  between 
the  girders,  in  order  that  the  light  might  not  be  obstructed.  At 
the  outlets  A,  B,  C,  D  and  E,  on  which  the  old  four-mantle  up- 
right arc  lamps  had  been  hung,  it  was  decided  to  install  the 
five-mantle  inverted  outdoor  cluster  lamp  equipped  with  a  clear 
globe.  The  photometric  curve  and  gas  consumption  of  this 
lamp  were  obtained  at  the  laboratory,  and  it  was  found  that 
while  the  quantity  of  gas  used  is  practically  the  same  as  with  the 

1  A  paper  presented  at  a  meeting  of  the  Philadephia  Section  of  the  Illuminating-  En- 
gineering Society,  December  16,  1910. 
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four-mantle  upright  cluster  lamp,  the  mean  lower  hemispherical 
candle-power  is  much  greater.  Using  the  photometric  curve  as 
a  basis  for  calculations,  it  was  found  that  with  the  center  of 
the  mantles  12,5  ft.  above  the  floor,'  the  foot-candle  illumina- 
tion on  a  plane  49  in.  above  the  floor,  would  be  that  shown  in  the 
table  of  Fig.  1.  The  lamps  are  located  15.5  ft.  from  each  end  of 
the  building  and  30  ft.  apart.  In  making  the  calculations,  the 
point-to-point  method  was  used.  After  installation,  the  actual 
foot-candle  illumination  obtained  on  the  horizontal  plane  was 
measured  with  an  illuminometer.     It  was  found  that  the  actual 


Fig.  2.—  Interior  view  showing  lighting  equipment. 

results,  which  are  shown  in  the  first  column  of  the  table  of  Fig. 
1  approximated  very  closely  the  calculated  results,  the  readings 
as  seen  being  taken  directly  under  each  lamp  and  midway  be- 
tween the  lamps.  While  the  illumination  directly  under  each 
lamp  is  considerably  greater  than  that  midway  between  the 
lamps,  this  did  not  become  noticeable  by  the  appearance  of  bright 
spots.  Fig.  2,  which  was  taken  from  the  east  end  of  the  build- 
ing, showing  the  harness-room  on  the  right,  is  a  daylight  photo- 
graph. The  location  of  girders  and  lamps  is  shown  here  quite 
plainly.     The  lamps  are  finished  in  white  enamel,  and  each  is 
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equipped  with  a  magnetic  cock  installed  directly  above  the  ceil- 
ing shield.  These  cocks  are  not  visible.  Each  cock  is  operated 
by  means  of  a  push  button  switch  located  on  the  office  wall. 
Any  lamp  may  be  lighted  or  extinguished  from  this  point.  The 
wiring  used  in  this  work  is  the  Xo.  18  B  &.  S.  gauge  office  wire, 
the  energy  being  obtained  from  dry  cells  which  are  found  very 
effective. 

The  harness-room  is  36  ft.  long  and  12  ft.  wide.  The  harness 
is  hung  on  the  north  and  south  walls  and  on  racks  extending 
down  the  center  of  the  room.  Lockers  for  the  men  are  against 
the  west  wall.  The  sink,  above  which  the  harness  is  cleaned,  is 
on  the  north  wall.  The  harness  cleaner  works  throughout  the 
night.  This  room  was  formerly  lighted  with  open  flame  bur- 
ners, one  being  placed  on  a  bracket  just  above  the  sink,  and  di- 
rectly in  front  of  the  workman's  eyes,  and  two  each  on  two-arm 
pendants  above  the  centers  of  the  harness  racks.  Fig.  3  is  a 
plan  showing  the  location  of  the  lamps.  Illumination  readings 
taken  on  a  horizontal  plane  49  in.  above  the  floor  at  the  stations 
A.  B,  C,  D,  E  gave  the  results  shown  in  the  table  of  Fig.  3 
marked  "Old  Installation."  This  illumination  was  found  to  be 
quite  insufficient.  The  condition  which  influenced  the  selection 
of  the  new  lighting  unit  was  that  practically  all  the  light  was 
required  in  the  lower  hemisphere.  The  unit  selected  was  the 
single-mantle  inverted  outdoor  gas  lamp  equipped  with  a  re- 
flector. The  photometric  curve  of  this  lamp  was  obtained  at 
the  laboratory.  It  was  found  that  by  installing  one  lamp  over 
the  center  of  each  harness  rack  and  one  over  the  sink,  at  a  height 
of  9  ft.  above  the  floor,  the  calculated  foot-candle  illumination, 
obtained  on  the  horizontal  plane  49  in.  above  the  floor,  would  be 
fairly  uniform  and  quite  sufficient.  The  calculated  and  actual 
illuminations  obtained  with  the  new  installation  are  shown  in 
the  table  of  Fig.  3  under  "New  Installation."  By  comparing  the 
old  and  new  installations,  it  will  be  found  that  the  foot-candle 
illumination  has  been  increased  by  about  30  per  cent. ;  the 
amount  of  gas  used  with  the  new  installation  is  about  12 
cu.  ft.  per  hour  as  against  35  cu.  ft.  per  hour  with  the  old 
installation.  Fig.  4  is  a  daylight  photograph  of  the  new  in- 
stallation, showing  the  west  and  center  lamps.  These  lamps  are 
finished  in  white  enamel  and   are   controlled   by  by-pass   cocks 
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operated  by  individual  chains.  The  lamps  are  so  placed  as  to  be 
out  of  line  of  vision  and  every  detail  of  the  harness  can  be 
clearly  seen. 

The  wash-pave  presented  a  more  difficult  problem,  as  it  was 
necessary  to  locate  the  lamps  at  some  distance  from  the  wagon 
in  order  to  place  them  out  of  the  direct  range  of  the  splashing 
water;  at  the  same  time  it  was  desired  to  obtain  a  uniform  and 
good  illumination  all  over  the  wagon.  The  wagon  washer  works 
throughout  the  night. 

In  the  old  installation  seven  open  flame  burners  equipped  with 


Fig.  4.- -Interior  of  harness-room  showing  lighting  equipment. 


concave  mirror  reflectors  were  located  rather  indiscriminately 
around  the  wash-pave.  It  was  found  impossible  to  keep  the 
reflectors  whole  for  more  than  a  few  days  because  of  the  splash- 
ing water.  The  new  unit  which  it  was  thought  would  be  most 
suitable  for  this  installation  was  the  single  mantle  inverted  gas 
lamp,  equipped  with  an  angle  reflector.  Upon  testing  this  unit, 
the  candle-power  distribution  curves  shown  in  Fig.  5  were  ob- 
tained, the  readings  being  taken  in  vertical  planes ;  the  curve  on 
the  left  is  that  obtained  in  a  plane  through  the  center  of  the 
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mantle  and  the  centre  of  the  opening  in  the  reflector ;  the  next 
curve  to  the  right  is  a  plane  through  the  center  of  the  mantle 
and  half-way  between  the  center  of  the  opening  and  the  side  of 
the  reflector;  the  third  curve  is  in  a  plane  through  the  center  of 
the  mantle,  and  the  edge  of  the  opening  in  the  reflector.  Using 
these  curves  as  a  basis,  quite  a  number  of  calculations  were  made, 
changing  the  number,  height  and  location  of  the  units.  The  in- 
stallation finally  adopted  is  that  shown  in  Fig.  6  which  is  a  plan 
view  of  the  wash-pave.  Six  lamps  were  installed  8  ft.  above 
the  floor,  with  the  exception  of  the  lamp  K  which  is  10.5  ft. 
above  the  floor  in  order  to  clear  the  top  of  the  wagons,  which  are 
pulled  out  beneath  it.  Three  are  against  the  west  wall,  the  south 
lamp  being  1.25  ft.  from  the  wall,  and  the  other  two  lamps  being 
6.5  ft.  apart.     Three  lamps  are  22.7  ft.  from  the  west  wall  and 


JaX\\ 

Fig.  5.— Candle-power  distribution  curves. 


parallel  with  it,  and  are  spaced  similarly  to  the  first  three  lamps. 
These  lamps  are  shown  by  the  solid  concentric  circles  in  Fig.  6. 
The  location  of  the  open  flame  burners  is  shown  in  this  view  by 
the  dotted  circles.  Foot-candle  illumination  measurements  were 
made  with  the  old  installation,  readings  being  taken  on  both  the 
horizontal  and  the  vertical  planes  2.75  ft.  above  the  floor,  at  the 
stations  A,  B,  C,  D,  E  and  F.  These  readings  which  are  shown 
in  the  table  of  Fig.  6  are  seen  to  be  quite  low.  In  the  table  are 
also  shown  the  calculated  and  actual  results  obtained  with  the 
new  installation,  these  readings  being  taken  on  the  horizontal 
and  vertical  planes  2.75  ft.  above  the  floor,  with  the  stations  as 
above.  The  actual  measurements  shown  in  the  table  of  Fig.  6 
were  made  with  the  wagon  in  position,  ready  to  be  washed.  The 
results  with  the  new  installation,  show  a  very  uniform  illumina- 
tion on  both  the  horizontal  and  vertical  planes,  the  foot-candle 
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illumination  being  100  per  cent,  greater  with  the  new  installa- 
tion. The  consumption  with  the  new  installation  is  21  cu.  ft. 
of  gas  per  hour  as  against  42  cu.  ft.  with  the  old  installation. 
Fig.  7  shows  a  daylight  photograph  of  the  wash-pave  with  the 
new  installation.  The  lamps  on  each  side  of  the  wash-pave  were 
not  placed  parallel  with  each  other,  but  were  turned  so  as  to  face 
towards  the  center  of  the  wash-pave.  One  of  the  five-mantle 
inverted  lamps  which  forms  a  part  of  the  general  illumination 
scheme  and  which  also  helps  to  illuminate  the  front  of  the  wagon, 
is  shown  in  the  photograph. 

The    problem    of   protecting   the   globes    from   the    splashing 


Fig.  7. — lighting  equipment  of  wash-pave. 

water  was  a  rather  serious  one.  The  angle  reflector  shielded 
the  globe  on  the  sides,  but  the  front  and  bottom  were  left  ex- 
posed. The  scheme  tried  was  that  of  closing  the  front  and  bot- 
tom of  the  reflector  with  removable  glass  plates,  while  the  sides 
and  top  of  the  reflector  were  perforated  for  the  circulation  of 
air.  It  was  found,  however,  that  the  heat  caused  the  glass  to 
expand  and  break.  The  plates  were  then  split  up  into  a  number 
of  sections  or  strips  similar  to  the  glass  front  in  a  "search-lamp." 
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This  scheme,  while  an  improvement,  was  not  entirely  satisfactory, 
so  that  a  combination  which  comprises  the  drilling  of  more 
holes,  and  the  leaving  of  a  narrow  clearance  space  between  the  sec- 
tions is  now  being  tried ;  and  so  far  has  proved  very  satisfactory. 

On  the  second  floor  are  the  stalls  for  the  horses,  there  being 
a  double  row  of  stalls  down  the  center  of  the  room  and  a  single 
row  of  stalls  against  each  wall.  In  the  single  rows,  the  horses 
face  away  from  the  center  of  the  room,  while  in  the  central  rows, 
the  horses  face  each  other  towards  the  center. 

This  room  was  found  equipped  with  eight  four-mantle  up- 
right cluster  lamps ;  the  location  of  these  lamps,  four  down  each 
aisle  is  shown  in  Fig.  8,  which  is  a  plan  view  of  the  room.  The 
illumination  from  these  lamps,  which  were  provided  with  clear 
globes,  was  found  to  be  all  that  was  required  to  clean  the  horses 
and  make  up  their  beds.  However,  it  was  found  that  the  lamps, 
when  they  were  turned  down  for  the  night,  caused  a  glare  which 
disturbed  the  horses.  It  required  several  weeks  for  a  new 
horse  to  become  so  accustomed  to  this  condition  that  he 
could  sleep  comfortably.  It  was  therefore  decided  to  in- 
stall three  single-mantle  inverted  gas  lamps,  equipped  with  7 
in.  alabaster  ball  globes,  down  the  center  of  the  room,  over  the 
heads  of  the  central  stalls,  these  lamps  being  13  ft.  above  the 
floor,  30.5  ft.  from  each  wall  and  45  ft.  apart.  These  lamps, 
which  are  used  only  after  the  other  lamps  are  extinguished,  give 
just  enough  illumination  for  the  men  to  see  to  walk  around,  the 
regular  lamps  being  turned  on  in  case  of  emergency.  It  was 
found,  however,  that  the  single  mantle  inverted  lamps  gave  more 
light  than  was  wanted,  and  special  hemispherical  reflectors  have 
been  designed  which  hide  the  globe  completely,  and  act  as  in- 
direct reflectors,  throwing  all  the  light  to  the  ceiling.  This 
arrangement  gives  a  soft  pleasing  illumination  which  is  all  that 
is  necessary.  Fig.  9  is  a  daylight  photograph  showing  the  new 
installation.  This  picture  does  not  show  the  indirect  reflectors. 
These  lamps  are  controlled  by  magnetic  cocks  located  just  above 
the  ceiling  shield  on  the  lamp.  The  cocks  are  controlled  by  push- 
buttons located  in  the  mens  room  at  the  east  end  of  the  building. 

On  the  Diamond  Street  side  of  the  stable  building  are  four 
lanterns,  two  on  the  gate-post  at  the  west  end  of  the  building 
and  two  on  brackets   on  either  side  of  the  main  door.     These 
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lanterns  were  equipped  with  open  flame  burners.  The  post 
lanterns  which  are  2  ft.  high  are  hexagonal  in  section,  the  dis- 
tance across  fiats  being  10  in.  The  lantern  door  is  12  in.  high 
and  4  in.  wide.  The  construction  of  these  lanterns  was  slightly 
modified  so  that  in  each  lantern  was  installed  a  single-mantle 
inverted  outdoor  lamp  equipped  with  a  7-in.  clear  ball  globe,  the 
center  of  the  mantle  being  located  opposite  the  center  of  lantern 
door,  so  that  the  stack  of  the  lamp  is  hidden  from  view  by  the 
top  of  the  lantern. 

The  lanterns  on  the  brackets  are  3  ft.  high  and  hexagonal  in 


Fig.  9.— Lighting  equipment  of  second  floor. 

section,  the  distance  across  flats  at  the  top  of  the  lantern  being 
15  in.  and  at  the  base  of  the  lantern  13.75  m-  The  height  of  the 
door  is  25  in.  and  the  lantern  is  practically  all  glass.  These 
lanterns  have  been  equipped  with  special  reflectors  which  fit 
into  the  top  of  the  lantern,  and  throw  the  light  from  three  up- 
right mantle  lamps  up  and  down  the  street.  The  lamps  are  equipped 
with  9-in.  chimneys  which  extend  up  through  the  reflector. 

It  will  be  noticed  that  outdoor  lamps  have  been  used  through- 
out this  installation,  because  in  summer  when  doors  and  windows 
are  open,  the  lamps  are  exposed  to  practically  outdoor  conditions 
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DISCUSSION. 

Mr.  W.  R.  Serrill: — In  the  harness  room  there  was  quite  a 
discrepancy  between  the  actual  readings  and  the  calculated  read- 
ings, the  calculated  readings  being  almost  double,  in  some  cases, 
those  of  the  actual.  Is  that  result  due  to  the  fact  that  the  har- 
ness was  hung  when  the  readings  were  made  while  no  allowance 
was  made  for  the  harness  absorption  in  the  calculations? 

Mr.  R.  B.  Ely: — Is  artificial  light  used  in  the  loft?  Why 
was  a  plane  49  in.  high  selected  for  the  readings?  From  the 
readings  taken  it  seems  that  the  harness  room  is  not  as  bright- 
ly lighted  as  the  main  stable.  Was  any  allowance  made  for  the 
reflection  of  light  from  the  ceilings  and  the  walls  in  the  cal- 
culated readings? 

Was  the  consumption  of  gas  calculated  on  the  rated  con- 
sumption of  the  different  lamps  and  the  open  burners,  or  was  it 
a  measured  rating?  Frequently  in  stables  some  protection  is 
provided  against  falling  glass.  In  electric  lighting  installations 
use  is  made  of  what  is  called  "vapor-proof"  globes.  Has  any 
protection  been  suggested  or  thought  advisable  in  the  case  of  gas 
lighting  of  that  kind,  especially  in  the  straw  room,  where  a 
piece  of  hot  glass  might  cause  fire? 

Mr.  C.  O.  Bond: — After  the  indirect  illumination  was  put  in 
place  for  the  purpose  of  giving  a  low  intensity  when  the  horses 
were  supposed  to  be  sleeping,  was  it  found  that  when  new  horses 
came  in  they  would  accustom  themselves  to  the  new  condition 
more  quickly  than  when  there  was  a  bright  spot  of  light  either 
above  or  in  the  vicinity? 

It  would  be  interesting  to  know  whether  any  tests  have  been 
made  to  show  what  intensity  of  lighting  horses  like  best.  In 
the  case  of  the  harness  room  were  any  tests  made  while  cleaning 
the  harness  by  increasing  the  illumination  until  the  workman  was 
satisfied  with  it? 

Mr.  W.  T.  Dyre : — On  the-  floor  where  the  stalls  are  located, 
are  the  lamps  controlled  from  the  men's  room  by  push-buttons, 
or  automatically,  or  is  a  pilot  flame  used? 

Mr.  W.  J.  Serrill: — One  of  the  most  interesting  phases  of 
this  question  was  the  treatment  of  the  lamps  around  the  wash- 
pave.  Before  Mr.  Eichengreen  was  consulted  use  was  made  of 
several  more  or  less  home-made  ways  of  lighting  the  wash-pave, 
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and  resort  was  always  had  to  the  open  flame,  with  no  reflector, 
because  the  splashing  of  the  water  would  break  any  glassware 
used,  Mr.  Eichengreen  seems  to  have  solved  this  problem. 

Mr.  R.  B.  Ely: — Has  a  trial  been  made  of  mesh  screening, 
or  double  screen  interposed  between  the  splashing  of  the  water 
and  the  lamps? 

Mr.  J.  D.  Israel: — In  the  harness  room  there  seems  to  have 
been  a  50  per  cent,  saving  in  gas  consumption  due  to  the  new 
installation.  Did  that  ratio  hold  throughout  the  entire  con- 
sumption in  the  building,  and  if  not,  what  was  the  saving  in  con- 
sumption throughout  the  entire   installation? 

Mr.  B.  F.  Deck : — On  the  second  floor,  where  the  stalls  and 
horses  are,  use  had  formerly  been  made  of  four  or  six-mantle 
upright  lamps.  Can  the  author  give  any  figures  on  the  illumina- 
tion from  the  new  method?  The  three  mantles  now  used  must 
give  considerably  less  illumination  than  was  obtained  previously. 

Mr.  Eichengreen: — In  the  harness  room  the  calculated  values 
were  much  higher  than  the  actual  values  obtained.  This  was 
probably  due  to  the  harness  obstructing  as  well  as  absorbing  a 
great  deal  of  light,  as  it  is  dead  black,  and  was  in  place  when  the 
illumination  measurements  were  made. 

There  is  no  lighting  of  any  kind  on  the  third  floor  which  is  the 
hay-loft.  Wooden  pitch  forks  are  even  used  here  to  guard 
against  fire  being  caused  by  sparks. 

The  reference  plane  in  the  harness  room  was  taken  49  in. 
above  the  floor  as  this  is  the  plane  on  which  th^  maximum  il- 
lumination is  required  by  the  workman  in  cleaning  the  harness. 

The  illumination  in  the  harness  room  was  probably  somewhat 
lower  than  in  the  main  building,  and  I  think  this  should  be  so, 
as  the  man  needs  a  high  illumination  only  at  the  sink  where  the 
harness  is  washed;  the  harness  hanging  on  the  racks  is  il- 
luminated just  enough  to  render  it  visible  for  selection. 

In  making  the  calculations  no  allowance  was  made  as  to  the 
amount  of  reflection  received  from  ceilings  or  walls. 

The  amount  of  gas  used  was  not  determined  by  meter.  The 
amount  used  in  each  separate  room  was  estimated  from  the 
known  consumption  of  lamps  in  practical  service. 

In  protecting  the  globes  use  was  made  of  wire  netting  which 
is  fastened  to  the  reflectors.     The  mesh  is  large  so  that  the  nets 


Il6      TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 

are  practically  invisible.  They  will  hold  any  broken  globes  in 
position  until  the  cleaner  can  replace  them. 

On  the  second  floor  the  globes  on  the  lamps  down  the  center 
of  the  room  are  protected  very  well  by  the  indirect  reflectors, 
which  are  entirely  beneath  them  and  will  catch  any  falling  glass. 

As  to  whether  a  horse  accustoms  himself  more  easily  to  the 
new  installation  than  he  did  to  the  old,  I  can  only  say  that  the 
man  in  charge  of  the  stable  stated  that  the  new  installation  is 
much  more  satisfactory  and  the  horses  rest  much  better  than 
they  did  before. 

No  tests  have  been  made  to  ascertain  the  amount  of  il- 
lumination a  horse  likes  best;  it  might  be  a  difficult  thing  to  de- 
termine. 

In  making  the  installation  in  the  harness  room  the  attendant 
was  not  consulted  as  to  the  intensity  he  would  like  best;  after 
the  equipment  had  been  installed  he  found  that  he  could  do 
more  work  and  do  it  better,  and  he  liked  the  new  installation 
much  better  than  the  old  one. 

The  five-burner  inverted  lamps  on  the  first  floor  and  the  single- 
burner  lamps  over,  the  main  stalls  on  the  second  floor  practically 
have  to  be  ignited  by  some  other  means  than  pulling  a  chain. 
To  use  a  long  stick  or  get  up  over  the  stalls  would  probably  dis- 
turb the  horses  too  much.  In  these  cases  use  is  made  of  a 
magnetic  cock  controlled  by  a  push-button  switch  in  certain 
parts  of  the  building  some  of  them  at  quite  a  distance  from  the 
lamps.  These  lamps  can  be  ignited  separately,  so  that  there 
can  be  one  lamp,  or  all  the  lamps  in  use.  With  these  magnetic 
cocks  use  is  made  of  pilot  flames,  the  cock  being  opened  and 
closed  by  means  of  an  electric  circuit.  The  current  through  one 
set  of  coils  of  the  electro-magnet  attracts  an  armature  and  pulls 
the  lever  on  the  cock  in  one  position  to  open  it,  while  the  current 
through  the  other  coil  attracts  the  lever  arm  on  the  other  side 
of  the  cock,  thereby  turning  the  plug  to  the  closed  position. 

No  attempt  has  been  made  to  put  a  screen  in  front  of  the 
lamp  in  the  wash-pave,  as  the  screen  would  cut  off  the  light  from 
the  wagon.  We  did,  however,  think  of  using  a  glass  with  wire 
screen  embedded  in  it,  but  discarded  this  in  favor  of  the  glass 
cut  in  sections,  with  a  small  space  between  the  sections,  which 
arrangement  prevents  the  water  from  splashing  on  the  globes. 
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In  the  harness  room  the  former  five  open  gas  burners  con- 
sumed 35  cubic  feet  of  gas  per  hour.  The  lamp  which  was 
installed  burns  3.3  cu.  ft.  by  laboratory  test.  The  valve  assumed  was 
4  cu.  ft.  per  burner,  which  equals  12  cu.  ft.  per  hour  or  about 
one-third  of  the  gas  used  there  before.  In  the  wash-pave  there 
were  seven  open-flame  burners  consuming  42  cu.  ft.  per  hour 
while  the  new  lamps  burn  about  24.  On  the  second  floor  gas 
is  probably  saved  by  turning  out  the  four-burner  lamps  which 
were  formerly  turned  rather  low  in  order  to  give  just  enough 
illumination  for  the  men  to  see  in  walking  around. 

On  the  second  floor  it  was  found  that  the  burner  gave  too 
much  light  and  the  horses  were  a  long  time  getting  used  to  it. 
Now  the  intensity  is  reduced  and  the  light  is  much  softer. 
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MARCH  io,   1911. 

In  the  monthly  report  of  the  secretary  at  the  meeting  of  the 
council  held  in  the  general  office,  March  10th,  the  total  member- 
ship was  given  as  1,478  members.  Counting  the  changes  under 
consideration  at  that  time  this  number  would  have  been  increased 
by  three.  The  gross  receipts  from  dues,  advertising,  etc.,  for 
the  first  two  months  of  191 1  were  said  to  have  totaled  $4,464.88, 
while  the  expenses  for  the  same  period  had  amounted  to 
$1,671.87. 

The  executive  committee  reported  that  they  had  approved  sev- 
eral committees  which  the  president  had  appointed  since  the 
previous  council  meeting. 

Mr.  L.  B.  Marks,  chairman  of  the  finance  committee,  sub- 
mitted a  list  of  the  February  vouchers  aggregating  $419.33  which 
his  committee  had  approved  for  payment,  together  with  a  re- 
port recommending  certain  economies  which  might  be  effected 
during  the  191 1  administration.  The  report  was  accepted  and 
the  payment  of  the  vouchers  was  authorized. 

Two  amendments  to  the  by-laws  received  a  second  reading 
and  were  adopted.  Accordingly  Articles  IV,  Section  1,  now 
reads : 

"The  entrance  fee  shall  be  $2.50  payable  on  admission  to  the 
society." 

The  other  change  was  made  in  the  first  sentence  of  Article 
VII,  Section  2,  so  that  it  reads: 

"Regular  meetings  of  the  council  shall  be  held  once  each 
month,  except  during  July,  August  and  September." 

Twelve  applicants  for  membership  were  elected.  One  mem- 
ber was  reinstated.  The  resignations  of  ten  other  members 
were  accepted. 

Those  present  at  the  meeting  were  President  A.  E.  Kennelly, 
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L.  B.  Marks,  chairman  of  the  finance  committee ;  James  T. 
Maxwell,  V.  R.  Lansingh,  treasurer;  A.  S.  McAllister  and  Pres- 
ton S.  Millar,  general  secretary. 


SECTION    MEETINGS. 


CHICAGO   SECTION. 

The  monthly  meeting  of  the  Chicago  Section  was  held  at  noon, 
March  16th,  directly  following  a  luncheon  at  the  Great  North- 
ern Hotel.  A  paper  entitled,  "Tests  on  Lighting  of  a  Small 
Room,"  was  presented  by  Mr.  James  R.  Cravath.  Participat- 
ing in  the  discussion  were  Chairman  F.  J.  Pearson,  and  Messrs. 
Albert  Scheible,  G.  H.  Stickney,  T.  H.  Aldrich,  L.  G.  Shepard, 
Arthur  J.  Sweet,  M.  G.  Lloyd,  G.  C.  Keech  and  Jas.  R.  Cravath. 

At  the  meeting  to  be  held  April  20th,  Mr.  Chas.  R.  Gilman, 
electrical  engineer  of  the  Chicago,  Milwaukee  &  St.  Paul  Rail- 
way, will  present  a  paper  on  "Recent  Developments  in  Train 
and  Car  Lighting." 

NEW    YORK    SECTION. 

The  New  York  Section  held  its  March  meeting  in  the  auditor- 
ium of  Gimbel  Brother's  department  store  on  Thursday,  March 
9th,  a  paper  descriptive  of  the  lighting  installation  of  the 
store  being  presented  at  that  time  by  Messrs  Clarence  L.  Law 
and  Albert  Jackson  Marshall.  The  paper  was  discussed  by 
Messrs.  V.  R.  Lansingh,  P.  S.  Millar,  J.  S.  Codman,  S.  W.  Ashe, 
Norman  Macbeth,  H.  T.  Owens,  G.  H.  Stickney,  C.  L.  Law  and 
A.  J.  Marshall.     This  paper  appears  in  the  present  issue. 

Papers  dealing  with  photometric  relations  will  be  read  by 
Messrs.  Bassett  Jones,  Jr.,  and  J.  C.  Pole  at  a  meeting  of  the 
section  to  be  held  on  April  13th.  The  paper  by  Mr.  Jones  will 
be  entitled,  "Polar  Curves  of  Finite  Surface  Light  Sources," 
and  the  one  by  Dr.  Pole,  "The  Photometry  of  Mercury- Vapor 
Lamps."  Copies  of  these  papers  have  already  been  printed  for 
distribution  to  members  interested  in  the  subject. 

NEW  ENGLAND  SECTION. 
The  New  England  Section  held  a  meeting  on  Feb.    13th,  at 
which  time  a  paper  entitled,   "Flicker  on  Fixed  and  Rotating 
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Targets,''  was  presented  by  Messrs.  A.  E.  Kennelly,  G.  R.  Carter, 
S.  C.  Li  and  E.  A.  Healey.  This  paper  appears  in  this  num- 
ber. 

PHILADELPHIA    SECTION. 

A  meeting  of  the  Philadelphia  Section  was  held  on  March  17th, 
when  Dr.  Herbert  E.  Ives  presented  a  paper  on  "Standards  of 
Luminous  Intensity,"  illustrated  with  lantern  slides  and  fol- 
lowed by  a  brief  discussion.  Those  taking  part  in  the  discussion 
were :  Messrs.  L.  B.  Eichengreen,  W.  J.  Serrill,  W.  H.  Ful- 
weiler,  T.  J.  Litle,  Jr.,  F.  X.  Morton,  Geo.  S.  Barrows,  and 
F.  H.  Gilpin. 
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FLICKER  ON  FIXED  AND  ROTATING  TARGETS.1 


BY  A.  E.   KENNELLY,  G.  R.   CARTER,  S.  C.  EI  AND  E.  A.  HEALEY. 


In  a  paper  on  "The  Frequencies  of  Flicker  at  which  Varia- 
tions in  Illumination  Vanish"  by  A.  E.  Kennelly  and  S.  E.  Whit- 
ing, read  before  the  National  Electric  Light  Association,  at  its 
Washington  Convention,  in  1907,2  the  results  of  a  research  on 
flickering  illuminations  were  reported.     The  present  paper  con- 


Fig.  1.— Plan  and  side  elevation  of  photometer  track  used  in  flicker  measurements. 

tains  the  results  of  an  extension  of  the  above  mentioned  research 
into  the  fields  of  different  sizes  of  stationary  targets,  and  also  of 
rotating  targets.  In  order,  therefore,  to  present  the  new  facts 
more  clearly,  the  essential  particulars  of  the  earlier  research  may 
be  briefly  recapitulated. 

A  photometer  track  as  indicated  in  Fig.  1,  was  set  up  in  a 
photometer  room  with  blackened  walls,  floor,  and  ceiling.  An 
incandescent  lamp  L,  of  uniformly  maintained,  known  horizontal 
candle-power,  was  supported  in  a  fixed  position  at  one  end  of 
the  rails  RR'.  A  flat  screen  or  "target"  T,  was  supported  in  a 
fixed  position,  and  in  a  vertical  plane,  transverse  to  the  track,  at 

1  A  paper  read  before  the  New  England  Section,  February  13,  1911. 

2  See  Bibliography  appended. 
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a  measured  distance  from  the  lamp.  From  these  data,  the  il- 
lumination of  the  target  was  determined  and  recorded.  In  the 
research  of  1907,  the  target  was,  at  first,  the  grease-spot  disk 
of  an  ordinary  Bunsen  photometer  carriage,  and  later  a  white 
paper  pad  20.3  cm.  high  by  13.3  cm.  wide  (8  by  5.25  in.). 

Between  the  incandescent  lamp  L  and  the  target  T,  and  con- 
veniently close  to  the  former,  an  electric  motor  M,  of  the  direct- 
current  fan-motor  type,  was  mounted  on  the  track,  with  its  shaft 
parallel  to  the  same.  A  sector-disk  D  of  varnished  sheet  steel 
was  mounted  on  the  shaft  as  seen  in  Figs.  2  and  3.     The  sector- 


Fig.  2.— Four  window  sector-disk  and  driving  motor. 

disk  may  have  any  number  of  symmetrically  disposed  sectorial 
windows  or  apertures.  Two-window,  four-window  and  eight- 
window  disks  were  used,  at  an  electrically  controlled  speed,  so 
as  to  illumine  and  darken  the  target  alternately,  as  the  windows 
passed  before  the  lamp.  Thus,  with  a  four-window  disk,  there 
would  be  four  complete  flicker-cycles  of  illumination  and  dark- 
ness on  the  target  for  each  revolution  of  the  disk.  With  the 
motor  shaft  running  very  slowly,  the  illumination  on  the  target 
flickered  very  violently ;  but  as  the  speed  increased,  the  flickering 
became  less  noticeable,  until,  at  a  certain  critical  speed,  the  flick- 
ering just  vanished,  and  the  target  appeared  to  have  a  steady 
average  illumination.  This  critical  speed  determines  the  fre- 
quency of  flicker  at  which  the  flicker  vanishes,  or  the  vanishing- 
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flicker-frequency,  for  the  particular  observer,  with  the  particular 
intensity  of  illumination,  material,  size,  and  color  of  the  target, 
as  well  as  its  distance  from  the  observer's  eye.  The  wave-shape 
of  the  flicker  cycle  could  also  be  changed  by  changing  the  angular 
width  of  the  windows  in  the  sector-disk,  but  no  difference  in 
vanishing-flicker-frequency  could  be  detected  with  certainty  re- 
sulting from  such  changes. 

The  magnitude  of  the  vanishing-flicker-frequency  is  a  measure 
of  the  sensitiveness  of  the  eye  to  flicker  under  the  particular  set 
of  conditions  producing  the  stimulus.  Under  the  same  set  of  con- 
ditions, it  varies  somewhat  between  different  individuals,  per- 


Fig.  3.— Eight-window  sector-disk. 

haps  not  only  on  account  of  different  personal  optical  sensitive- 
ness, but  also  on  account  of  differences  in  personal  estimates  of 
what  constitutes  disappearance  of  flicker.  It  also  seems  to) 
differ  slightly,  at  different  times,  with  one  and  the  same  individ- 
ual. Ordinarily  it  can  be  measured  with  a  fair  degree  of  precision, 
different  successive  measurements  varying  only  one  or  two  per 
cent,  from  the  mean  value  of  all.  Fatigue  of  the  eye  distinctly 
lowers  the  vanishing-flicker-frequency. 

Twenty  deductions  were  made  from  the  results  of  the  earlier 
research,  and  were  specifically  stated  at  the  end  of  the  paper  in 
1907,  above  mentioned.     These   deductions  have  been   all   sup- 
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ported  and  extended  by  the  later  experiments  here  described. 
The  new  experiments  had  two  general  purposes ;  namely : 

First,  to  determine  the  influence  of  the  size  of  the  target  on  the 
vanishing-flicker-frequency,  everything  else  being  kept  the  same. 

Second,  to  determine  the  effect  of  flicker  on  rotating  targets, 
as  distinguished  from  stationary  targets. 

Influence  of  the  Size  of  the  Target. — Five  different  sizes  of 
circular  disk  targets,  of  the  same  white  paper,  were  prepared. 
Their  diameters  were  4,  9,  16,  25,  and  36  cm.  respectively,  or  as 
the  squares  respectively  of  the  numbers  2,  3,  4,  5,  and  6.  Their 
areas  were  thus  respectively  proportional  to  the  fourth  powers  of 


Kig.  4. — Target  frame  holder  and  carriage. 

those  numbers.  Each  target  was  supported  in  a  black  frame 
from  a  tripod  on  the  photometer  track,  as  shown  in  Fig.  4,  at  a 
measured  distance  from  the  incandescent  lamp.  The  observer's 
eye  was  stationed  as  nearly  as  possible  at  a  point  on  a  level  with 
the  center  of  the  target,  100  cm.  in  front  of  it,  and  15  cm.  to  the 
left  of  it,  as  indicated  at  Y,  Fig.  1.  The  angle  between  the  rays 
of  light  incident  on  the  center  of  the  target,  and  the  rays  returned 
from  it  to  the  eye,  was  thus  approximately  8.5  degrees. 

The  carbon-filament  incandescent  lamp  L,  Fig.  1,  was  main- 
tained at  the  constant  luminous  intensity  of  50  international 
candles,  with  the  aid  of  a  separate  voltmeter,  by  keeping  it  con- 
nected to  the  terminals  of  a  storage-battery,  through  an  adjust- 


126      TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 

able  rheostat.  It  consumed  139  watts.  Measurements  were 
made,  at  regular  intervals,  to  check  the  intensity,  by  removing  the 
target,  and  using  a  photometer  head  and  standard  lamp,  in  the 
usual  way. 

The  speed  of  the  sector-disk  was  measured  by  gearing  a  small 
auxiliary  shaft  to  the  motor  shaft,  with  a  velocity  reduction  of 
10:1,  and  allowing  a  cam  on  the  auxiliary  shaft  to  strike  a  pro- 
jecting wire  audibly,  once  in  each  revolution.  The  number  Of 
such  blows  given  by  the  cam  in  a  certain  number  of  seconds, 
taken  with  a  stop-watch,  indicated  the  frequency  of  flicker,  di- 
rectly, in  cycles  per  second.  The  speed  was  also  occasionally 
checked  with  a  stroboscopic  fork.3  The  target  was  first  set  at 
such  a  distance  as  would  cause  it  to  receive  a  predetermined 
illumination  in  millilumens  per  sq.  cm.  The  observer's  eye  was 
placed  at  the  proper  point  of  observation.  The  speed  of  the 
sector-disk  was  then  gradually  raised  until  the  observer  just 
ceased  to  perceive  the  flicker.  The  speed  of  this  disk  was  held 
at  this  point,  measured,  and  recorded.  The  target  was  then 
shifted  so  as  to  obtain  the  next  desired  illumination,  the  new 
vanishing-flicker-frequency  measured,  and  so  on,  throughout  a 
series.  The  same  series  would  then  be  successively  repeated 
with  different  sizes  of  targets. 

All  luminous  intensities  reported  in  this  paper,  as  measured 
in  this  research,  are  in  international  candle-power,  as  maintained 
at  the  Bureau  of  Standards  since  April  1909,  with  England  and 
France.  (1.11  Hefner).4  Illuminations  are  expressed  in  inter- 
national-candle-lumens per  sq.  cm.,  or  the  thousandth  part  there- 
of  (millilumens  per  sq.  cm.).6 

5  "  The  measurement  of  rotary  speeds  of  dynamo  machines  by  the  stroboscopic  fork," 
by  A.  E.  Kennelly  and  S.  E.  Whiting,  Trans.  Am.  Inst.  El.  Engrs.,  27,  631-649. 

*  Transactions  of  the  Illuminating  Engineering  Society,  4,  No.  7,  Oct.,  1909,  p.  527. 

5  The  rational  sj'Stematic  unit  of  illumination  is  1  international-candle-lumen  per  sq. 
cm.,  or  the  illumination  produced  by  1  candle  at  1  cm.  This  is,  however,  a  very  intense 
illumination,  and  a  more  convenient  practical  unitary  value  is  the  thousandth  part  thereof 
or  1  millilumen  per  sq.  cm.,  corresponding  to  that  produced  by  1  candle  at  j'hxjo  cm.  = 
31.62  cm.  This  is,  for  rough  purposes,  the  same  as  the  foot-candle  (1  candle  at  30.48  cm.) 
In  fact,  1  foot-candle  is  a  stronger  illumination  than  the  millilumen-per-sq.  cm.  in  the 
ratio  1.0764.  A  millilumen-per-sq.  cm.  is  also  precisely  equal  to  10  meter-candles.  Con- 
sequently hi  millilumens  per  sq.  cm.  = —  foot-candles  =  10  m  meter-candles.      All  the 

illuminations  enumerated  in  this  paper  are  thus  foot-candles,  to  a  first  approximation, 
and  are  also  convertible  into  meter-candles  by  shifting  the  decimal  point  one  place  to  the 
right. 
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O.I  as.  0.3  0.5  O.B     1.0.  /.2 """"  E-O  3.0 

Illumination  on  Target  in  Mi/li/umens  per  5^- cm. 
Fig.  5.— Effect  of  varying  the  size  of  target;  Observer  No.  1. 
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Illumination  on  7arget  in  Mi //Hum  ens  per  5g.  cm. 

F'&-  6.  — Effect  of  varying  the  size  of  target;  Observer  No.  2. 
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Figs.  5  and  6  show  the  vanishing-flicker-frequency  with  the 
different  sizes  of  target  and  for  varying  intensities  of  incident 
illumination  on  the  target  at  the  "open-window"  moments.  The 
flicker-frequencies  are  plotted  to  ordinary  uniform  scale,  as  ordin- 
ates,  against  the  common  logarithms  of  the  illumination  inten- 
sities as  abscissas.  It  will  be  seen  that  the  graphs  corresponding 
to  the  observations  are  all  straight  lines  within  the  limits  of  ob- 
servational error.  Fig.  5  represents  the  observations  of  ob- 
server No.  1  and  Fig.  6  the  independent  observations  of  observer 
No.  2. 

In  Tables  I  and  II  are  collected  the  mean  numerical  values  for 
observers  1  and  2  respectively,  in  accordance  with  Figs.  5  and  6. 
TABLE  I.— Observations  of  Fucker-Frequency  by  Observer  No.  i. 
Calculations  by  the  formula:  n  =  1.9(4.6  -f  log,0S)(6.o  -\-  log10E). 
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TABLE  II.— Observation  of  Flicker-Frequency  by  Observer  No. 
Calculations  by  the  formula:  n  =  1.785(4.02  +  log10S)^6.23  -f-  log10E). 
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Table  III  gives  the  particulars  of  the  five  targets. 
TABLE  III.— Particulars  of  Targets. 

LogwS 

1.0993 
1.8035 

2.3034 

2.6910 

3.0077 

It  will  be  seen  that  the  slopes  of  the  straight  lines  in  either 
Fig.  5  or  Fig.  6  increase  from  the  lowest  to  the  highest.  That 
is,  in  the  general  equation  of  this  family  of  graphs : 

11  =  p  -\-  q  log10  E,  cycles  per  second,   ( 1 ) 

where  n  is  the  vanishing  flicker-frequency,  E  the  open-window 


arget 
No. 

Diameter 
D,  cm. 

Illuminated 
area,  S,  cm. 

I 

4 

12-57 

2 

9 

63.6 

3 

16 
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1,017.9 
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subtended 
steradian  2 

O.OOI22 

Log102 
"0864 

O.O0615 

3-7890 

O.OI945 

2.2889 

O.O4745 

2.6762 

O.O9770 

2.9899 

Logarithmic  5cor/e 

Illuminated  Target  Area   in  Sqcm. 
Fig.  7. — Effect  of  varying  the  illumination  density. 

illumination,  or  maximum  cyclic  illumination  on  the  target,  in 
lumens  per  sq.  cm.,  p  and  q  are  constants  for  one  and  the 
same  target.  Both  p  and  q  increase,  however,  as  the  size  of  the 
target  is  increased. 

In  Fig.  7,  the  observations  contained  in  Table  II  are  presented 
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graphically  to  ordinates  of  vanishing-flicker-frequency  on  the 
ordinary  scale,  and  abscissas  of  target  area  on  logarithmic  scale, 
with  different  intensities  of  illumination.  Here  again,  the  graphs 
may  be  considered  as  approximately  straight  lines  which  increase 
both  in  their  elevation,  and  in  their  slope,  as  the  illumination  in- 
creases.    That  is,  in  the  general  equations  of  the  graphs  in  Pig. 

n  =  r  +  s  log10S,  cycles  per  second,  (2) 

where  S  is  the  area  of  the  illuminated  surface  of  the  target  in 

sq.  cm.  and  r,  s,  constants  for  one  and  the  same  size  of  target. 

These  constants  increase  when  the  target  illumination  is  increased. 

Equations  (1)  and  (2)  may  be  satisfied  by  the  relation: — 

n  =  a  log10  (*S).  log10  (uE),  cycles  per  second,     (3) 

=  a  (b  +  log10S)   (c  +  log10E)  (4) 

where  t,  u,  a,  b,  and  c,  are  constants  throughout  the  series.     The 

observations  of  observer  No.  1  appear  to  be  fairly  well  satisfied 

by:- 

a  =  1.9,  b  =  4.6,  c  =  6.0  or: 
nt  =   1.9  (4.6  +  log10S)      (6.0  -f  log10E), 

cycles  per  second,  (5) 
between  the  limits  S  =  12.6  and  1,018  sq.  cm.,  E  =  io- '*  and 
30  X  io— i  lumens  per  sq.  cm.  while  those  of  observer  No-  2 
appear  to  be  fairly  well  satisfied  by : — 

a  =  1.785,  b  =  4.02,  c  =  6.23;  or: — 
n2  =  1.785  (4.02  +  log10S)   (6.23  +  log10E), 

cycles  per  second,  (6) 
In  Tables  I  and  II  the  values  computed  by  (3)  and  (4), 
respectively,  are  grouped  beside  the  observations,  for  comparison. 
It  was  observed  during  the  tests  that,  for  a  given  illumina- 
tion on  the  target,  the  vanishing  flicker-frequency  depended  only 
on  the  ratio  of  the  target  diameter  to  target  distance  from  the 
observer's  eye,  provided  this  ratio  did  not  exceed  0.36.  That  is, 
a  16-cm.  target  disk  at  a  distance  of  100  cm.  from  the  eye  pro- 
duced the  same  vanishing  flicker-frequency  as  a  8-cm.  target  at  a 
distance  of  50  cm.  This  is  easily  understood  because  the  brightness 
of  the  image  formed  on  the  retina  directed  to  a  bright  object 
should  be  the  same  for  all  distances  away  from  the  object,  if  the 
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iris  diaphragm  has  the  same  aperture,  and  the  size  of  the  image 
on  the  retina  depends  only  on  the  solid  angle  subtended  by  the 
object  at  the  optical  center  of  the  eye.  Consequently,  the  retinal 
image  of  a  16-cm.  disk  at  100  cm.  should  be  as  large  and  as 
bright  as  that  of  a  8-cm.  disk  at  50  cm.,  if  the  illumination  on  the 
disks  is  the  same,  and  if  the  iris  diaphragm  aperture  is  the  same. 
Therefore,  all  target  dimensions  may  advantageously  be  referred 
to  their  solid  angular  dimensions,  in  comparing  different  targets. 
If  the  target  disk  area  in  sq.  cm.  be  divided  by  the  square  of  the 
distance  of  the  target  center  from  the  optical  center  of  the  eye, 
(for  practical  purposes  the  optical  center  may  be  taken  as  the 
center,  and  in  the  plane,  of  the  iris)  there  is  obtained  the  solid 
angle  subtended  by  the  target  at  the  eye,  assuming  that  the 
plane  of  the  target  is  perpendicular  to  the  line  of  sight  directed 
to  its  center,  and  that  the  target  radius  is  not  more  than  20  per 
cent,  of  the  target  distance.  (See  Appendix  II.)  In  this  case  the 
square  of  the  distance  from  the  eye  was  10,225  cm2;  so  that  the 
solid  angle  subtended  by  each  target  was  nearly  equai  in  steradians 

to ,   as  given  in  the  fifth  column  of  Table  III.      Conse- 

10,225 

quently  equation  (4)  leads  to 

n  =  a(B  +  log10S)(r  +  log10E),  cycles  per  second,    (7) 

where  2  is  the  solid  angle  subtended  by  the  illumined    target 

at  the  observer's  eye  in   steradians,   and   B   the   corresponding 

general   constant.     In  the  case  of  observer  No.    1,  B   becomes 

S.613  and  in  that  of  observer  No.  2,  B  becomes  8.033  \  so  that 

using    the   solid  angle   2  of   the   target  in  steradians,    and  the 

maximum  cyclic  illumination  of  the  target  in  lumens  per  sq.  cm., 

equation  (5)  and  (6)  become  respectively: 

nx  =  I-9(8.6i3+log102)(6.o+log10E),        cycles  per  second,    (8) 
ni  =  i-785(8.O33+log10S)(6.23+log10E),  cycles  per  second,    (9) 

it  being  understood  that  the  experimental  observations  range 
only  from  2  =  0.001  to  0.1  steradian,  and  from  E  =  0.0001  to 
0.003  lumens  per  sq.  cm.  (0.09  to  2.8  foot-candles,  or  1  to  30 
meter-candles). 

As  may  be  seen  either  from  the  preceding  formulas,  or  from 
the  graphs  of  Figs.  6  and  7,  the  increment  in  vanishing  flicker, 
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produced  by  a  given  percentage  increase  in  target  area  or  solid 
angle,  is  much  less  than  that  produced  by  the  same  percentage 
increase  in  target  illumination,  under  practical  conditions.  Thus, 
in  Fig.  6,  with  the  middle  size  of  target — 16  cm. — increasing  the 
illumination  to  ten- fold  adds  11.3  cycles  to  the  flicker,  and  doub- 
ling the  illumination  adds  3.4  cycles.  But  in  Fig.  7  with  a  middle 
illumination  of  0.8  millilumens  per  sq.  cm.  (0.74  foot-candles  or 
8  meter-candles),  increasing  the  target  area  in  a  ten- fold  ratio 
adds  only  5.6  cycles  to  the  vanishing  flicker-frequency,  or  doub- 
ling the  area  adds  only  1.68  cycles.  Judging  from  these  facts,  the 
sensibility  of  the  observer's  eye  to  flickering  light  was,  under  the 
above  conditions,  about  twice  as  great  in  regard  to  the  brightness 
of  the  target,  as  in  regard  to  the  solid  angle  it  subtends.  This 
is  the  more  remarkable,  because,  at  first  thought,  it  might  be 
supposed  that  the  flicker  sensation  would  be  a  simple  function 
of  the  total  quantity  of  light  received  by  the  eye  from  the  target, 
or  in  proportion  to  the  product  of  the  illumination  and  solid 
angle  of  the  target.  In  the  observations  here  reported,  however, 
such  was  not  the  case,  as  is  shown  by  the  greater  influence  on 
the  vanishing  flicker-frequency  of  doubling  the  illumination  of 
the  target,  than  of  doubling  its  subtended  solid  angle.  The 
same  product  SE,  of  surface  S  and  illumination  E,  gave  rise  to 
markedly  different  vanishing  flicker-frequencies.  Thus,  in  the 
case  of  observer  No.  1,  as  indicated  in  Fig.  5 : 

The  36-cin.  target  at  0.1  millilumen  per  sq.  cm.  would  give  29.0  cycles. 
The  25-cm.  target  at  0.208  millilumen  per  sq.  cm.  would  give  31.9  cycles. 
The  16-cm.  target  at  0.506  millilumen  per  sq.  cm.  would  give  35.5  cycles. 
The    9-cm.  target  at  1.6      millilumen  per  sq.  cm.  would  give  39.0  cycles. 

In  each  of  the  above  combinations,  the  product  SE  was  the 
same,  or  0.10  lumen,  this  being  the  light  falling  on  the  target. 
The  total  light  reaching  the  cornea  of  the  eye,  from  the  target, 
would  also  be  approximately  the  same  in  each  combination. 

A  wide  field  lies  open  for  investigation  in  this  direction,  in 
order  to  ascertain  the  relative  visual  sensibilities  of  different 
persons  to  change  in  the  solid  angle,  and  in  the  brightness,  of 
flickered  targets.  In  measurements  of  vanishing  flicker-fre- 
quency by  different  observers,  under  constant  target  solid-angle, 
it  is  always  a  matter  of  doubt  how  far  the  differences  may  lie  in 
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the  intellectual  estimate  of  what  precisely  constitutes  vanishing 
flicker.  But  when  measurements  are  made,  as  above  described, 
first  with  the  solid-angle  varied  at  constant  illumination,  and 
then  with  the  illumination  varied  at  constant  solid  angle,  the 
same  intellectual  estimate  enters  both  series  of  measures,  and 
the  proportionate  influence  of  a  given  increase-ratio  of  illumina- 
tion, to  that  of  the  same  increase-ratio  in  solid  angle,  is  a  personal 
characteristic  of  the  observer,  for  the  particular  initial  values  of 
solid  angle  and  illumination  selected. 

Illumination — Solid-Angle  Increment-Ratio.  Thus,  commenc- 
ing at  a  solid  angle  2,  and  illumination  E,  of  the  target,  if  the 
vanishing  flicker-frequency  obeys  formula  (7),  a  /-fold  ratio  of 
increase  in  E,  with  2  constant,  will  produce  in  n  an  increase  of: 

A>/2  =  a(B  +  log102)  log]0/,  cycles  per  second,    (10) 

while  ay-fold  ratio  of  increase  in  2,  with  E  constant,  will  produce 
in  n  an  increase  of: 

A«E  =  a(c  +  logi0E)  logi0/,  cycles  per  second,    (11) 

Consequently,  the  ratio  of  the  two  increases  will  be : — 

A«2         B  4-  logln2  .      ,     . 

t  =  -r =  : — : — ^=  numeric.    (12) 

A»E  c  4-  log]0E 

Thus,  taking  the  good  reading  illumination  of  2  millilumens  per 
sq.  cm.  (1.86  foot-candles,  or  20  meter-candles)  in  the  measures 
above  reported,  and  the  solid-angle  of  0.01945  steradian  subtended 
by  the  16-cm.  target,  the  illumination-solid-angle  increment-ratio 
rx  for  observer  1  was  by  (8) 

8.61-$  4-  2  289        6.902  .      . 

rx  =  ■*;[,         =  -  *-  -  2.09  (13) 

6.0      -f-  3.301        3-301 

and  rt  for  observer  2  was  by  (9) 

8.033  4-  2.289  6.322 

6-23  -r  3-301  3'531 
The  two  observers  differed,  therefore,  in  this  ratio  appreciably. 
Sensitiveness  of  the  Retina  to  Flicker  at  different  distances 
from  the  Fovea. — It  had  been  noticed,  both  in  the  earlier  and 
later  research,  that  after  the  speed  of  the  sector-disk  D  (Fig.  1) 
had  been  raised  until  the  flicker  appeared  to  vanish  from  the 
target,  the  flicker  could  often  be  faintly  revived  by  moving  the 


1.79.  (14) 
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eye  from  the  center  to  the  edge  of  the  target.  This  suggested 
the  possibility  of  a  lesser  sensibility  to  flicker  existing  at  the 
fovea  centralis  than  in  the  regions  of  the  retina  surrounding  it. 
In  order  to  test  this  possibility,  a  series  of  annular  targets  was 
constructed,  each  with  a  black  circular  center.  The  white  annular 
surface  area  surrounding  the  black  center  was  in  each  case  made 
the  same  as  that  of  a  plain  16-cm.  white  disk  (201  sq.  cm.) 
Table  IV  gives  the  particulars  of  these  annular  targets: 

TABLE  IV. — Particulars  Relating  to  White  Annular 
Targets  with  Black  Centers. 
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The  annular  targets  were  all  set  up  in  succession  under  a 
maximum  cyclic  illumination  of  2.5  millilumens  per  sq.  cm. 
(2.32  foot-candles,  25  meter-candles)  and  the  vanishing  flicker- 
frequency  with  each,  at  the  distance  from  the  eye  as  indicated 
in  Fig.  1,  was  as  recorded  in  the  last  column  of  Table  IV.  The 
eyes  were  in  each  of  these  measurements  directed  to  the  center 
of  the  target.  The  solid  angle  subtended  at  the  eye  by  the  tar- 
get as  a  whole  varied  from  0.019  to  0.039  steradian;  but  the 
solid  angle  subtended  by  the  white  surface  remained  substantially 
constant  at  0.01945  steradian  throughout.  It  will  be  seen  that 
the  vanishing  flicker-frequency  diminished  steadily  as  the  il- 
luminated area  on  the  retina  was  carried  further  from  the 
optical  center.  This  experiment  seems  to  show  that  although 
retinal  sensibility  to  flicker  extends  to  a  considerable  distance 
from  the  fovea  centralis;  yet  the  sensitiveness  is  greatest  at  or 
near  the  fovea. 

It  is  possible  that  the  partial  reappearance  of  flicker  on  a  plain 
white  target,  when  the  eye  is  suddenly  changed  in  direction  from 
the  center  to  the  edge,  may  be  due,  either  to  fatigue  of  the  retina 
near  the  fovea,  or  to  the  aid  of  momentary  flicker  due  to  the 
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motion  of  the  eye ;  that  is,  to  the  introduction  of  a  temporary 
moving-image  flicker  stimulus. 

Stationary  Colored  Targets. — Two  series  of  measurements 
were  made  of  vanishing  flicker-frequency  with  one  size  of  tar- 
get disk  (25  cm.  diameter)  and  different  colors.  One  series  was 
made  with  the  unaltered  light  from  a  50-c-p.  carbon  filament  in- 
candescent lamp  operating  at  a  specific  consumption  of  2.8  watt 
per  candle  and  a  set  of  25-cm.  disks  of  different  colors,  each 
subtending  a  solid  angle  of  approximately  0.047  steradian.  The 
other  series  was  made  with  a  single  white  25-cm.  disk,  but  with 


1.35    1.5         1.75     P.O  P. 

Illumination  in  Mill/ lumens 


5  3.0        3.5 

per  5q:  cm. 


Fig.  8.— Effect  of  flickering  white  light  on  colored  targets,  25  cm.  in  diameter. 

colored  glass  screens  between  the  lamp  and  the  sector-disk,  so  as 
to  produce  the  flicker  in  colored  light. 

The  results  of  the  above  series  of  measurements  are  shown 
for  observer  No.  2  in  Figs.  8  and  9  respectively.  It  will  be  seen 
that  in  both,  the  vanishing  flicker-frequency  with  white  is  higher 
than  with  any  single  color,  and  that  yellow  comes  next  to  white 
in  order.  The  exact  order  of  the  colors  is  not  worth  discussing 
at  length,  since  the  exact  color  tints  were  not  measured,  and  con- 
sequently are  indefinite.  The  lines  in  Figs.  8  and  9  are  however 
approximately  parallel,  and  the  mean  increment  of  frequency 
with  doubled  illumination  is  3.5  cycles  per  second.  In  Fig.  8, 
dark  blue  appears   to  be  distinctly  below  black  in   stimulating 


dark 
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flicker  sensation.     The  "black"   target  used  in  this  case,  how- 
ever, reflected  an  appreciable  amount  of  light. 

Influence  of  Bye  Fatigue  on  Vanishing  Flicker-Frequency. — 
At  the  conclusion  of  the  series  of  measurements  given  in  Fig.  8, 
which  commenced  with  the  white  target,  and  which  lasted  three 
hours,  the  observations  were  repeated  with  the  white  target,  to 
determine  the  effect  of  eye  fatigue  on  vanishing  flicker-frequency. 


£     O/o         .  1.5  S-O  S.5  3.0 

Illumination   in  Milli/umen5  per  Sq.  cm. 
Fig.  9.— Effect  of  flickered  colored  light  on  white  target. 

The  readings  showed  a  fairly  uniform  reduction  of  four  cycles 
per  second  over  the  range  of  illuminations  in  Fig.  8. 

FLICKER  ON    MOVING  TARGETS. 

Flicker  on  moving  targets  may  be  divided  into  two  classes : — 
namely, 

First,  that  in  which  the  moving  object,  illumined  by  flicker- 
ing light,  pursues,  or  at  least  apparently  pursues,  a  non-reen- 
trant path. 

Second,  that  in  which  it  pursues  a  reentrant  path  or  closed 
loop. 

An  example  of  the  first  case  is  found  when  a  brief  succession 
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of  electric-discharge  flashes  illumines  an  object  rapidly  moving 
in  one  direction,  as  the  cross-head  of  a  reciprocating  piston  rod ; 
or  when  a  brass  rod  is  waved  rapidly  in  one  direction  beneath 
an  alternating-current  arc  lamp.  In  such  a  case,  an  image  of  the 
moving  object  is  seen  in  a  number  of  separate  and  successive 
positions,  and  the  successive  images,  with  the  eye  at  rest,  are 
not  superposed.  An  example  of  the  second  case  is  when  a 
revolving  wheel  is  viewed  by  rythmically  flickering  light,  such 
as  that  from  an  alternating-current  arc-lamp.  In  such  a  case  the 
successive  images  may  be  superposed.  Only  the  second  class 
of  flicker,  on  moving  targets,  was  investigated  in  this  research. 

The  first  target  used  consisted  of  a  white  cardboard  disk,  15 
cm.  in  diameter,  mounted  on  the  shaft  of  a  small  direct-current 
motor,  as  shown  in  Fig.   10.     The  speed  of  this  motor,  which 


Fig.  10. — Single-spot  rotating  target  with  driving  motor  and  speed-indicating 
magnetic-generator. 

was  electrically  controlled,  was  measured  by  connecting  a  volt- 
meter to  the  terminals  of  a  small  magneto  machine  on  the  same 
shaft.  A  single  sectorial  black  spot  45  °  wide,  and  2.5  cm.  deep, 
was  painted  on  the  target,  as  shown  at  A  in  Fig.  11.  The  target 
was  supported  at  a  distance  of  250  cm.  from  the  lamp,  in  front 
of  which  was  placed  a  motor  driven  sector-disk  of  four  windows, 
as  in  the  previous  experiments.  If,  with  the  sector-disk  speed 
and  flicker-frequency  constant,  the  target  was  watched  at  rest, 
there  was  the  usual  stationary-target  flicker  on  its  surface;  but 
when  the  target  was  set  in  rotation  at  a  constant  convenient  speed, 
and  the  sector-disk  was  rotated  at  an  increasing  speed,  a  number 
of  stroboscopic  images  presented  themselves  successively,  accord- 
ing to  well-known  principles.     First  one  spot  appeared  stationary 
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in  space  as  at  I,  Fig.  11,  then  two  at  opposite  ends  of  target  di- 
ameter, as  at  2;  then  three  1200  apart  as  at  3,  and  so  on.  The 
edges  of  the  spot  images  were,  however,  somewhat  blurred  and 
not  so  sharp  as  Fig.  11  suggests. 


Fig.  11. — Multiple  stroboscopic  images  formed  on  the  one-spot  rotating  disk 
at  successively  increasing  multiple  speeds  of  the  sector  disk. 

Laws  of  Stroboscopic  Images  Produced  by  Flicker  on  Rotating 
Targets. — If  the  speed  of  the  target  is  T  revolutions  per  second, 
that  of  the  sector-disk  D  revolutions  per  second,  and  if  there  are 
g  positions  of  spot-symmetry  in  one  revolution  of  the  target,  the 
number  of  positions  of  spot-symmetry  passed  through  by  the 
target  in  one  second  of  time  will  be  T°\     Again,  if  the  number 
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of  symmetrically  disposed  windows  in  the  sector-disk  is  iv,  the 
number  of  light  admissions  to  the  target  per  second  will  be : 

n  =  Da/,  cycles  per  second,   (15) 

which  is  also  the  frequency  of  flicker  on  the  target.  In  order 
that  a  stationary  single  stroboscope  image  of  the  target  may  be 
formed  on  the  retina,  it  is  necessary  that  all  of  the  admissions  of 
light  shall  find  the  target  in  some  position  of  spot-symmetry. 
This  will  happen  with  simple  repetition  or  one-to-one  coincidence 
if: 

Tg  =  T>w,  cycles  per  second,   (16) 

If,  however,  the  target  rotates  faster  than  the  disk  and  just  moves 
through  2,  3,  or  k  positions  of  symmetry  to  one  window  opening 
or  illumination,  the  same  image  will  be  produced ;  so  that  a  single 
image  of  the  target  will  be  found  for  the  general  condition:— 
Tg  =  k.Dzv  =  kn,  cycles  per  second,   (17) 

where  k  is  any  integer.  Again,  if  the  disk  moves  faster  than  the 
target,  and  admits  light  to  the  target  not  only  at  successive 
positions  of  spot  symmetry,  but  also  at  definite  intermediate  posi- 
tions, the  image  of  the  target  will  still  tend  to  appear  stationary, 
but  will  be  fainter  and  reduplicated,  in  each  of  the  intermediate 
positions.  This  will  happen  if  the  speed  of  the  target  is  y2,  Yz, 
JA,  or  i/fcth  of  the  speed  of  the  disk,  that  is  for  a  multiple' 
stroboscopic  image, 

~     _  Dzu  n 

yS  —  —£-  =  -£-  ,  cycles  per  second,    (18) 

where  k  is  any  integer,  and  is  also  the  order  of  multiplicity  of 
the  imaee 

In  the  case  of  a  i-spot  target,  like  that  shown  in  Figs.  10  and 
11,  there  is  only  one  position  of  symmetry  per  revolution,  so 
that  g  =  1,  and  with  a  four-window  sector-disk,  w  =  4;  con- 
sequently for  a  single  image  of  the  target  (17)  becomes: 

T  =  4&.D  =  kn,  revolutions  per  second,   (19) 

and  for  a  multiple  image  of  k  spots,  (18)  becomes:— 

T 
D  =  k-~r  1  revolutions  per  second,   (20) 

n  =  ^-T,  cycles  per  second.    (21) 
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Fig.  12.— Stroboscopic  effect  with  various  multiple  images. 


Multiple  Number    of   Images  —  A: 
Flg-  13— Stroboscopic  effect  with  different  constant  speeds  of  moving  target. 
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The  relations  expressed  in  formulas  (17)  to  (21)  were 
checked  experimentally  within  the  limits  of  speed  observation 
errors,  as  shown  in  Figs.  12  and  13.  Fig.  12  shows  the  flicker- 
frequency  n,  according  to  (21),  as  a  function  of  the  target 
speed  T  for  various  odd  multiple  images  of  the  spot  k  (1,  3, 
5,  7  and  9  of  Fig.  11).  Fig.  13  shows  the  flicker-frequency  n  as  a 
function  of  k  for  different  constant  speeds  T  of  the  target, 
according  to  (21).  The  observations  were  all  made  with  maxi- 
mum cyclic  illumination  on  the  target  of  0.8  millilumens  per  sq. 
cm.  (0.74  foot-candle  or  8  meter-candles)  and  with  the  target 
subtending  at.  the  eye  a  solid  angle  of  approximately  0.0028 
steradian. 

Blending s  and  Flickering  Appearances  on  Rotating  Tar- 
gets Between  Successive  Stationary  Stroboscopic  Images. 
— It  was  found  that  at  any  of  the  synchronous  speeds  de- 
fined by  (18)  or  (20)  the  stroboscopic  image  on  the  target  re- 
mained stationary  in  space.  When  the  synchronism  began  to 
be  departed  from  in  one  direction  or  the  other,  the  image  began 
correspondingly  to  rotate  in  one  direction  or  the  other.  Thus, 
with  the  single-spot  target  making  say  four  revolutions  per  sec- 
ond steadily,  counter  clockwise,  if  the  four-window  sector-disk 
made  just  one  revolution  per  second  counter-clockwise,  so  as  to 
give  four  complete  flicker  cycles  per  second,  the  image  of  the 
target  with  its  spot  appeared  stationary.  If  the  disk  speed 
dropped  to  Y\  rev.  per  sec.  and  the  flicker  frequency  to  3  cycles 
per  second,  the  image  of  the  target  rotated  counter  clockwise 
once  per  second ;  while  if  on  the  contrary  the  disk  speed  rose 
to  1%  rev.  per  sec.  and  the  flicker- frequency  to  5  cycles  per  sec- 
ond, the  image  of  the  target  rotated  clockwise  once  per  second. 
Still  increasing  the  speed  of  the  disk  and  flicker-frequency,  the 
speed  of  the  image  would  increase  clockwise  until  the  eye  could 
not  follow  the  rotation.  The  target  image  then  presented  an 
unsteady  flickering  appearance  until  the  disk  approached  the 
next  stationary  stroboscopic  speed,  when  the  image  of  the  target 
would  reappear,  rotating  counter-clockwise.  The  speed  of  rota- 
tion of  the  new  image  would  slacken,  until  the  target  would 
appear  at  rest  with  two  spots,  or  doubled  image,  anon  it  would 
commence  rotating  clockwise,  faster  and  faster  until  the  rota- 
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tion  could  no  longer  be  followed.  The  target  would  then  pre- 
sent a  hazy  flickering  appearance  until  the  accelerating  disk 
approached  the  next  stroboscopic  image  speed,  and  so  on.  Thus 
between  the  successive  stationary  images  there  were  intervals  of 
flickering,  and  the  frequencies  at  which  these  intermediate  flicker- 


A 

O 


Fig.  14. — Multiple  stroboscopic  images  formed  on  the  two-spot  rotating  disk 
at  successively  increasing  multiple  speeds  of  the  sector-disk 

ings  disappeared  were  noted  as  vanishing  flicker-frequencies  with 
rotating  target.  Beyond  a  certain  number  of  multiple  images 
(5  or  6),  the  intermediate  flickering  ceased  to  appear;  so  that 
the  flickering  could  only  be  detected  with  certainty  on  the  one- 
spot  target  up  to  the  quadruple  or  quintuple  stroboscopic  image 
formation.     Moreover,  the  flicker-frequency  with  the  four-win- 
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dow  sector-disk  was  not  sufficient  to  make  the  flicker  vanish  com- 
pletely between  these  lower  orders  of  successive  multiple  images. 
The  target  was  therefore  exchanged  for  one  which  had  two 
positions  of  symmetry  per  revolution,  or  two  diametrically  oppo- 
site spots,  of  450  angular  width  and  2.5  cm.  radial  depth,  as 
shown  at  A  Fig.  14.  The  sector-disk  was  also  exchanged  for 
one  of  eight  22. 50  windows,  as  shown  in  Fig.  3.  Substituting 
therefore  g  =  2  and  w  =  8  in  equation  (18),  there  is  obtained 
for  a  multiple  image  of  the  &th    order,  and  of  2k  spots : 

11  =  2&T,  cycles  per  second,   (22) 

A.  given  flicker-frequency  of  incident  light  was  thus  obtained 
with  half  the  disk  speed  previously  needed,  and,  for  a  given  num- 
ber of  spots  in  the  image,  at  a  quarter  of  the  the  disk  speed  pre- 
viously needed. 

The  successive  orders  of  multiple  images  obtained  with  con- 
stant target  speed,  and  successively  increasing  sector-disk  speed 
are  indicated  in  Fig.  14  up  to  the  sixth  order,  or  that  obtained 
with  a  flicker-frequency  of  12  times  the  target  revolutions  per 
second.  At  the  stroboscopic  image  of  the  fourth  order,  the 
appearance  presented  was  not  that  of  a  stationary  group  of  radial 
spots,  but  that  of  a  uniform  gray  band.  That  is,  for  this  par- 
ticular speed,  the  individual  spot  images  overlapped  annularly  in 
such  a  manner  as  to  present  no  discontinuity  of  color  around  the 
resultant  image. 

Vanishing  Flicker-Frequencies  zvith  Rotating  Targets. — Ob- 
servations were  made  of  the  frequency  of  flicker  necessary  to 
make  the  flicker  on  the  rotating  target  disappear  between  succes- 
sive stroboscopic  stationary  images.  The  illumination  on  the 
target  was  held  at  1.8  millilumens  per  sq.  cm.  (1.67  foot-candles 
or  18  lux)  and  the  solid  angle  subtended  by  the  target  at  the 
observer's  eye  was  approximately  0.022  steradian.  The  results 
are  given  in  Table  No.  V. 

The  results  are  indicated  graphically  in  Fig.  15.  The  observa- 
tions in  parentheses  showed  a  slight  residual  flickering  in  an 
otherwise  uniform  grey  band  spot  image  of  the  target.  In  these 
cases,  the  frequency  could  not  be  raised  to  make  the  flickering 
disappear  without  starting  the   rotation  of  spots  preceding  the 
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TABLE  V. — Vanishing  Flicker-Frequencies  of  Incident  Light 
Between  Successive  Stroboscopic  Multiple  Images. 


Obse 

rver  No.  2 

Obsei 

-ver  No.  3 

Target 
speed 
r.  p.  s. 

Between 

spot  images 

Between 

spot  ima 

?es 

0-2 

2-4 

4-6 

6-8 

0-2 

2-4 

4-6 

6-8 

12.2 

( 100.0) 

(97-5) 

14.6 

(114.2) 

(44-4) 

(75-5) 

(117.6) 

17.0 

(129.0) 

(50.0) 

(93-0 

033-3) 

19-5 

(63-5) 

(I03-9) 

M5-5 

(57-1) 

(102.5) 

153-8 

2I.9 

(70.1) 

114. 2 

160.0 

(65.6) 

117. 6 

167.0 

24-3 

74-Q 

I29.O 

129.0 

186.0 

26.8 

135-5 

78.5 

138.0 

200.0 

29.2 

33.3 

H5-5 

83.5 

153-8 

31.6   Flicker 

88.9 

151-0 

(34-5) 

91.0 

160.0 

34-o 

33-3 

97-5 

166.5 

36.4 

32.0 

100. 0 

182.0 

next  stationary  stroboscopic  image.  The  underscored  observa- 
tions represent  true  vanishing-  flicker-frequencies,  while  the  read- 
ings in  each  column  below  the  underscored  values  are  smooth 
mergings  between  two  successive  orders  of  stroboscopic  images, 
with  no  evidences  of  flicker.  That  is,  they  represent  frequencies 
above  the  vanishing  flicker  point.  The  numbers  above  the  under- 
scored readings  are  therefore  blends  between  successive  strobo- 
scopic images  in  which  the  frequency  was  below  the  vanishing 
point. 

In  Fig.  15,  the  critical  vanishing  flicker-frequency  points  as 
found  by  observer  No.  2  are  plotted  with  circles  around  them. 
The  lines  connecting  blend  points,  when  prolonged,  appear  to 
intersect  at  20  cycles  for  zero  target  speed.  No  reliance  can, 
however,  be  placed  on  this  extrapolation. 

Blends  between  successive  stroboscopic  images  occurring  to 
the  left  of  the  line  A  B  Fig.  15  were  accompanied  by  flicker. 
Blends  occurring  to  the  right  of  this  line  were  devoid  of  flicker. 
Blends  on  or  close  to  the  line  showed  vanishing  flicker-frequency. 

It  is  to  be  noticed  that  the  ordinates  in  Fig.  15  are  cycles  per 
second  in  the  flicker  of  the  light  incident  upon  the  target,  and 
as  determined  from  the  number  of  window  passages  per  second 
in  the  sector-disk.  However,  the  frequency  of  flicker  received 
on  the  retina  will  be  the  difference  between  the  actual  incident 


KF.XXKLLY,  CARTER,  U,  HEALEY  :   ROTATING  TARGETS    I45 


frequency  and  that  at  which  the  last  preceding  stationary  strobo- 
scope image  was  formed.  Thus,  taking  observation  marked  3 
on  Fig.   15  of   1 14.2  cycles  per  second  at  21.9  revolutions  per 
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5 peed    of"  Moving    Target  in   R.p-5. 

Fig.  15.— Vanishing  flicker  frequencies  between  the  different  consecutive 

stroboscopic  images. 
Curve  a.     Stationary  stroboscopic  image  of  first  order;  two  spots. 
Curve  b.     Stationary  stroboscopic  image  of  second  order;  four  spots. 
Curve  c.    Stationary  stroboscopic  image  of  third  order;  six  spots. 

second  of  the  target,  at  this  target  speed,  the  stationary  strobo- 
scopic image  of  the  second  order  with  four  spots  would  be  pro- 
duced by  the  frequency  of  87.6  cycles  per  second.  At  88.6  cycles 
the  image  would  give  one  beat  per  second  on  the  retina ;  at  89.6 
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cycles,  two  beats  per  second,  and  so  on.  Consequently,  when  the 
incident  vanishing  flicker-frequency  in  this  case  is  noted  at  114.2 
cycles,  it  represents  a  retina  vanishing  flicker-frequency  of  26.6 
cycles  as  marked  on  Fig.  15.  Thus  observation  1  gives  33.3 
cycles  of  retina  frequency,  No.  2  gives  27  cycles,  No.  3,  26.6 
cycles,  and  No.  4,  28  cycles.  In  this  way,  flicker  on  a  rotating 
target  may  be  set  up  at  very  high  frequencies  of  incident  light. 

At  observation  1  of  33.3  cycles,  flicker  was  also  just  per- 
ceived on  the  central  white  portion  of  the  target,  corresponding 
in  all  essentials  to  flicker  on  a  stationary  white  target,  and  in 
accordance  with  the  observations  in  Fig.  6.  In  other  words,  the 
rotation  of  a  uniform  plain  target  does  not  change  the  vanishing- 
flicker-frequency  measured  with  the  same  target  at  rest. 

Vanishing  Flicker-Frequencies  on  Rotating  Target  at  Blends 
between  Stroboscopic  Images  and  different  illuminations. — A 
series  of  observations  was  made  of  rotating-target  flicker  under 
different  illuminations  between  0.1  and  0.8  millilumens  per  sq. 
cm.  (0.093  and  0.76  foot-candles,  or  1  and  8  lux),  the  25.4-cm. 
two-spot  target  rotating  steadily  at  24.3  revs,  per  sec,  and  sub- 
tending a  solid  angle  of  approximately  0.022  steradian.  The 
measurements  were  made  at  the  blend  between  the  first  and 
second  order,  and  also  at  the  blend  between  the  second  and  third 
order  of  stroboscopic  images.     They  are  recorded  in  Table  VI. 

TABLE  VI.— Vanishing  Flicker-Frequencies  on  Target 
and  on  Retina. 


fj-'Z  a  a  a  Observer  No.  2  Observer  No.  3 

£  "ta  §  ri.  Target  Retina  Target  Retina  Target  Retina  Target  Retina 

«sSci»  m-2  «  1-2  n  2-3  w  2-3  «  1-2  n  1-2  n  2-3  n  2-3 

I. II  66.6  18.0  104.0  6.8  64.0  15.4  102.5  5.3 

1.69  67.2  18.6  107.0  9.8  66.6  18.0  105.0  7.8 

2.54  71.0     .    22.4  108.8  11. 6  69.1  20.5  106.6  9.4 

3-91  72.7  24.1  in. 1  13.9  71.0  22.4  109.5  I2-3 

5-77  74-o  25.4  114. 7  17.5  72.7  24.1  112. 7  15.5 

7-95  75-5  26.9  116.5  19.3  74.0  25.4  113.7  16.5 

The  heading  n  1-2  signifies  the  vanishing-flicker-frequency 
at  the  blend  occurring  between  the  first  and  second  order  of 
stroboscopic  images,  and  n  2-3  that  between  the  second  and 
third  order.     The  heading  "Target"  signifies  the  observed  flicker- 
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frequency  on  the  target;  while  the  heading  "Retina,"  signifies 
the  corresponding  deduced  lower  flicker  frequency  produced  on 
the    retina. 

The  incident  frequencies  between  stroboscopic  images  of  the 
first  and  second  order  have  to  be  reduced  by  48.6  cycles,  to  give 
the  corresponding  inferred  retinal  flicker-frequencies,  and  those 
between  the  second  and  third  orders  by  97.2  cycles.  The  meas- 
urements of  observer  No.  2  are  presented  in  Fig.  16.  They  cor- 
respond to  straight  lines  on  semi-log.  paper  within  the  limits  of 
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Fig.  16.  -I.ines  of  frequencies  at  which  flickering  between  two  consecutive  stroboscopic 

images  in  different  intensities  of  illumination  on  the  moving  target, 

seemed  to  vanish. 

observational  precision.  The  inferred  retinal  vanishing  flicker- 
frequency  for  the  blend  between  second  and  third  orders  is  dis- 
tinctly less  than  between  the  first  and  second  orders.  Meas- 
urements were  not  attempted  below  the  first  order  of  strobo- 
scopic image,  because,  at  the  frequencies  then  involved,  station- 
ary flicker  appeared  on  the  white  center  of  the  target.  They 
were  not  attempted  above  the  third  order,  because,  at  the  speed 
of  the  target  selected,  the  incident  flicker-frequency  necessary 
to  make  the  flicker  vanish  was  difficult  to  reach. 
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Experiment  on  the  effect  of  varying  the  Dimensions  of  the 
Target  Spots. — It  was  found  that  varying  the  radial  depth  of  the 
spots  on  the  rotating  target  did  not  appreciably  affect  either  the 
stroboscopic  speeds  or  the  vanishing  flicker-frequencies  at  the 
blends.  Similarly,  varying  the  angular  breadth  of  the  spots  had 
no  appreciable  effect. 

CONCLUSIONS. 

(1)  The  vanishing  flicker-frequency  for  a  stationary  target 
depends  upon  the  illumination  of  the  target,  its  color  and  reflec- 
tive quality,  and  on  the  solid  angle  subtended  by  the  target  at 
the  observer's  eye. 

(2)  Judging  from  the  results  obtained  by  a  small  number  of 
observers,  doubling  the  illumination  on  a  stationary  target,  with 
other  conditions  unchanged,  adds  a  certain  increment  to  the  van- 
ishing flicker-frequency,  and  doubling  the  solid  angle  subtended 
by  the  target  adds  another  and  smaller  increment.  The  ratio  of 
the  doubled-illumination  increment  to  the  doubled-solid-angle 
increment,  under  assigned  initial  conditions,  seems  to  be  a  per- 
sonal  characteristic  varying  somewhat  in   different  individuals. 

(3)  The  sensitiveness  of  the  retina  to  flicker  appears  to  be 
greatest  at  or  near  the  fovea  centralis,  and  to  diminish  as  this  is 
departed  from. 

(4)  The  vanishing  flicker-frequency  is  reduced  by  fatigue  of 
the  eye. 

(5)  On  rotating  targets,  the  effect  of  flicker  is  complicated  by 
stroboscopic  effects.  The  principal  stroboscopic  effects  follow 
simple  and  well-known  laws. 

(6)  In  passing  from  one  stroboscopic  stationary  image  to  the 
next  in  order,  a  blend  is  traversed,  in  which  flickering  may  occur. 
The  vanishing  flicker-frequency  found  in  such  blends  follow  laws 
similar  to  those  found  with  stationary  targets,  after  allowing  for 
the  difference  between  incident  flicker  and  retinal  flicker. 

(7)  The  vanishing  flicker-frequencies  with  rotating  targets 
were  not  perceptibly  affected  by  changing  either  the  angular 
width  of  the  spots  or  the  diametrical  distance  between  them. 
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APPENDIX  I. — List  of  Symbols  Employed. 

a,  b,  c,  p,  q,  r,  s,  t,  11,  constants  in  different  formulas  for  vanishing 
flicker-frequency. 

D.  Rotary    speed    of    sector-disk    (revs.    per.    sec). 

E.  Illumination  of  a  target   (lumens  per   sq.   cm.). 

/.  Ratio  of  increase  in  either  illumination  or  solid  angle    (numeric). 

g.  Number  of  positions  of  symmetry  in  one  revolution  of  a  target,  or 
the   number   of    spots   symmetrically   placed   on   the    same    (numeric). 

k.  Any   integer. 

vi.  Illumination    in    millilumens    per    sq.   cm. 

n,  n-i,  n%  Vanishing  flicker-frequency,  and  for  observers  1  and  2  (cycles 
per    second). 

A//s.     Increment  in  n  with  2  constant.     (Cycles  per  second.) 

A«E-   Increment  in  n  with  E  constant.     (Cycles  per  second.) 

S.  Surface  of  target,    (sq.  cm.). 

2.  Solid  angle  subtended  by  target  at  observer's  eye.    (Steradians.) 

r,  n,  r2.  Ratio  of  increments  in  n  due  to  illumination  and  solid  angle 
respectively,    for   observers    1    and  2,    (numeric). 
T.  Rotary  speed  of  target    (revs,  per  sec). 
;<.'.  Xumber   of   windows   in    sector-disk. 

APPENDIX  II. — To  Find  the  Solid  Angle  Subtended  at  the 

Observer's  Eye  by  a  Circular  Target  which 

Nearly  Faces  the  Observer. 

Let  T  T',  Fig.  17,  be  the  projection  on  a  horizontal  plane  d  b  e  of  a 
circular  target  of  radius  r  cm.,  whose  center  is  at  A,  and  whose  normal 
A  X  does  not  quite  pass  through  the  observer's  eye  at  O ;  but  makes 
with  the  line  AO  a  small  angle  0.  It  is  required  to  find  the  solid  angle 
subtended  by  the  target,  in  this  position,  at  the  observer's  eye  O. 

Assume  that  the  target  T  T'  is  rotated  about  its  center  A  through  the 
angle  0,  into  the  position  /  t' ,  so  as  to  bring  its  normal  AN  into  coin- 
cidence with  the  line  of  sight  AO.  The  projection  of  the  target  in  the 
vertical  plane  will  then  be  the  circle  PP'  of  radius  r  cm.  Let  a  sphere 
Web  be  drawn  in  space,  with  its  center  O  at  the  center  of  the  iris  dia- 
phragm of  the  observer's  eye.  Strictly  speaking,  therefore,  the  observer 
must  be  supposed  to  look  at  the  target  with  one  eye  only;  but  if  the 
radius  R  =  Cte  of  the  sphere  of  observation  t  e  b  is  large  in  comparison 
with  the  target  radius  r,  the  error  involved  by  using  either,  or  both,  eyes 

will  be  small.     The  semi-visual  angle  of  the  target  a  =  sin—1  —  ,     is   the 

circular  angle  subtended  at  O  by  the  radius  of  the  target. 

The   solid   angle   subtended    by   the   target   tl'    at   O  will  be   Z'  =    — 
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steradians  where  S'  is  the  surface  of  the  sphere  covered  by  the  target. 
This  is  easily  shown  to  be. 


y=^.«, 


steradians. 


Where  v  is  the  distance  Ad  from  the  center  of  the  target  plane  to  the 
sphere   of   observation  behind,  but 


R 


=  1  —  cos  a  =  vers  a, 


numeric; 


2'  =  2ir  vers  a,  steradians, 

or   the    solid    angle    is    2^  times   the    versine   of    the    semi-visual    angle. 


Fig.  17. — Diagram  showing  the  solid  angle  subtended  by  a  circular  target 
at  a  given  point. 

This  is  the  solid  angle  subtended  by  the  target  in  the  second  position 
tht',  when  it  faces  the  observer.  If  the  target  be  now  returned  to  its 
original  position  TAT',  by  rotation  through  the  angle  0,  the  solid  angle 
will  be  diminished  in  the  ratio  cos  0,  provided  that  the  angle  6  is 
small  and  that  R  is  large  compared  with  r;  so  that  the  angle  a  is  not 
materially  changed  by  the  deflection.  Consequently  the  solid  angle  sub- 
tended originally  by  the  target  in  the  position  TAT'  is 


2ir.vers  a. cos  8, 


steradians. 
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PHYSIOLOGICAL  POINTS  BEARING  ON  GLARE.1 


BY   PERCY  W.   COBB. 


It  is  not  without  a  great  deal  of  apprehension  that  the 
author  approaches  the  subject  of  "glare"  in  this  paper.  In- 
deed he  confesses  that  he  does  not  do  much  more  than  ap- 
proach it.  The  bare  title  of  "Glare"  seems  too  comprehen- 
sive and  explicit  in  view  of  the  state  of  knowledge  on  the  sub- 
ject, and  for  that  reason  the  title  "Physiological  Points  Bear- 
ing on  Glare"  was  chosen.  Even  so,  in  the  title  something  had 
to  be  sacrificed  for  the  sake  of  brevity,  and  it  may  be  well 
to  explain  here,  that  the  discussion  may  often  trespass  on  the 
domain  of  psychology. 

The  word  "glare"  is  one  only  recently  adopted — if  it  can 
be  said  to  have  been  adopted — by  the  engineering  profession 
from  general  usage.  Violence  to  its  accepted  meaning  can  not 
then  be  done  by  restricting  its  application  to  any  one  well  de- 
fined physical  or  physiological  phenomenon  because  that  may 
seem  scientifically  clear  to  us  in  the  present  state  of  knowl- 
edge. Rather  must  one  look  to  the  meaning  of  the  word  as 
generally  accepted  and  from  that  standpoint  see  how  scientific 
facts  and  hypotheses  relate  themselves  to  it. 

This  plan,  then,  the  present  paper  will  follow.  In  view  of 
the  fact  that  detailed  knowledge  on  the  subject  is  scarce  there 
will  be  much  in  it  that  is  speculation,  but  it  is  hoped  to  reach 
at  the  end  at  least  one  point,  more  or  less  important,  which 
has  been  fairly  well  and  definitely  worked  out. 

"Glare"  means  "a  dazzling  light,"  or  (as  a  verb)  "to  shine 
with  a  bright,  dazzling  light."  Dazzle  (verb)  means  "to  con- 
fuse the  sight  of  by  brilliance  of  light"  or  "to  bewilder  or  sur- 
prise with  brilliancy  or  display  of  any  kind." 

^'ithout  difficulty  these  meanings  may  be  dressed  in  phys- 
iological terms,  and  it  may  be  said  that  glare  is  "discomfort 
or  depression  of  visual  functions  associated  with  strong  light 
sensation."  When  so  defined,  glare  has  many  phases.  A  well 
known  fact  points  the  way  to  a  primary  division  of  these 
conditions    into   two    classes.     This    fact    is    that   a   general    il- 

\  A   paper  presented   at   a   meeting  of    the  New  York   Section  of  the  Illuminating 
Engineering  Society,  January  12,  1911. 
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lumination  of  a  given  intensity  may  in  one  state  of  the  eyes 
(as  after  an  hour  in  absolute  darkness)  be  uncomfortably  bright, 
and  a  few  minutes  later  be  perfectly  comfortable.  This  leads 
to  a  first  question,  namely,  "At  what  intensity,  if  at  all,  does 
general  illumination  become  too  great?"  One  can  scarcely  con- 
ceive this  as  occurring  (in  anything  but  exceptional  cases) 
under  artificial  illumination,  and  the  example  selected  shall 
therefore  be  the  case  of  sunlight  or  bright  daylight  out  of 
doors.  This  again  is  usually  well  borne  by  the  eyes,  so  that 
after  all,  too  great  general  brightness  of  the  field  of  vision  is  a 
relative  condition — relative  to  the  state  of  the  eyes.  For  ex- 
ample, daylight  out  of  doors  may  be  painfully  bright  to  per- 
sons suffering  from  certain  eye  troubles.  Again,  everyone,  on 
emerging  from  a  dark  place  will  find  that  the  daylight  is  too 
bright  for  a  short  time.  After  a  brief  period,  however,  adap- 
tation has  taken  place,  and  the  brightest  daylight  is  accepted  as 
a  normal  condtion.  A  small  class  of  exceptions  must  be  made 
to  this  statement.  Bright  daylight  with  snow  on  the  ground, 
especially  in  high  altitudes,  can  be  persistently  too  bright,  and 
special  protection  to  the  eyes  may  be  needed.  It  may  finally 
be  said,  then,  that  an  absolutely  too  high  general  illumination 
is  a  thing  that  except  under  a  few  unusual  conditions  involving 
daylight  or  sunlight  never  takes  place. 

There  is  then  the  alternative  to  consider,  the  relative  over- 
brightness  of  parts  of  the  visual  field,  which  is  the  only  exter- 
nal condition  to  which  one  can  properly  attach  the  idea  of 
glare.  If  it  is  desired  to  discriminate  the  various  factors  which 
contribute  to  this  effect  note  must  be  made  of  differences  which 
are  conditioned  in  the  first  place  not  by  absolute  intensities  or 
intrinsic  brilliancies  but  by  physiological  and  psychological  limi- 
tations. If  it  be  assumed  that  no  light  source  is  visible  and 
that  no  part  of  the  field  is  so  bright  as  to  cause  demonstrable 
disturbance  in  the  eye  itself,  there  can  still  be  such  a  distribu- 
tion of  light  as  to  be  irritating  or  depressing.  It  might  be  said 
that  man  prefers  to  have  the  upper  parts  of  his  visual  field 
relatively  dark.  This  corresponds  to  the  ordinary  daylight 
house  illumination.  The  light  falls  on  the  lower  part  of  the 
room,  the  ceiling  is  relatively  dark,  the  furniture  and  other  ob- 
jects in  the  room  well  lit.     In  artificial  illumination,  the  same 
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conditions — that  is,  a  fair,  moderately  diffused  illumination,  with 
a  downward  preponderance — give  a  feeling  of  comfort  and 
cheer  to  those  entering  and  using  the  room. 

Again,  in  going  out  of  doors  by  daylight,  one  gets  rid  of  the 
high  luminosity  of  the  topmost  part  of  his  visual  field  by  the 
use  of  head  gear  provided  with  suitable  brim  or  visor.  This 
is  true  of  women  as  well  as  men,  except  when  the  dictates  of 
fashion  forbid  it. 

"Whether  it  be  an  inherent  preference,  or  one  derived  from 
habit  and  association  or  one  depending  on  physiological  ex- 
pediency (for  instance,  the  fact  that  most  objects  that  we  wish 
to  see  closely  do  not  project  far  above  our  horizon)  it  is  still 
a  general  fact  that  illumination  chiefly  below  and  extending  a 
moderate  distance  above  the  horizon  is  the  one  most  generally 
preferred. 

If  the  conditions  are  reversed,  "glare"  begins  to  be  felt. 
This  must  then  be  enumerated  as  one  of  the  conditions  lying 
within  the  make-up  of  man  on  which  glare  depends.  Since 
in  this  case  of  mental  disturbance  by  wrong  distribution  of 
light,  not  physiologically  over  bright,  there  is  no  known  corre- 
sponding disturbance  of  organ  or  tissue,  the  disturbance  is 
provisionally  called  a  "psychological"  one. 

One  step  nearer  to  a  physiological  disturbance,  is  a  disturb- 
ance which  may  well  be  assumed  to  take  place  when  a  light 
source  is  in  the  field  of  view.  To  make  this  understood  it  is 
well  to  say  a  few  words  about  the  eye-muscles.  These  are  twelve 
in  number,  six  for  each  eye,  and  have  the  function  of  turning 
the  eyeball  so  that  its  axis  may  point  (within  limits)  in  any 
direction.  To  see  fine  detail  it  is  necessary  that  the  image  of 
the  object  of  vision  fall  on  a  very  limited  portion  of  the  retina 
known  as  the  fovea,  specialized  for  distinct  vision.  This  hap- 
pens when  a  person  looks  directly  at  an  object.  This  obviously 
must  happen  alike  for  both  eyes  wherever  the  object  is,  so  that 
the  object  of  direct  vision  always  falls  on  the  fovea  of  each  eye. 
The  result  is  that  images  of  other  objects  not  directly  looked  at 
will  fall  on  corresponding  points  of  the  two  retinas.  Now  the 
difficult  task  is  thrown  on  these  twelve  muscles  of  accurately 
placing  the  images  in  the  two  eyes  on  corresponding  points  of 
the  two  retinas,  whether  the  object  be  far  or  near,  up  or  down 
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or  off  at  one  side,  and  with  this  the  eyes  must  be  suitably 
accommodated  so  that  they  may  be  focussed  alike  and  accur- 
ately converged  with  their  axes  meeting  at  the  object  of  direct 
vision. 

So  perfectly  do  these  muscles  perform  this  adjustment,  with- 
out the  least  knowledge  of  the  fact  on  the  part  of  the  subject, 
that  when  the  image  in  one  eye  is  displaced  by  holding  a  prism 
of  three  or  four  degrees  deflection  before  the  eye,  the  muscles 
at  once  make  adjustment  for  this,  and  the  only  knowledge  of  it 
is  the  disagreeable  "pull"  felt  in  the  eye  as  the  muscles  assume 
the  unusual  strain. 

It  is  perhaps  needless  to  say  more,  to  make  it  evident 
that  we  have  to  do  here  with  a  most  complicated  and  delicately 
balanced  set  of  muscles  and  nervous  connections  that  could  well 
be  conceived,  and  that  a  small  but  persistent  disturbing  circum- 
stance may  work  not  only  great  discomfort  but  in  extreme 
cases  cause  such  confusion  of  the  various  eye  movements  as  to 
make  vision  well-nigh  impossible,  and  further,  that  the  victim 
of  all  this  disturbance  will  not  have  the  slightest  knowledge  of 
how  it  all  came  about. 

How  are  these  facts  to  be  connected  with  the  conception  01 
"glare?"  One  can  say  that  a  light  source  in  the  field  of  vis- 
ion like  a  loud  sound,  or  a  sharp  stimulus  to  the  skin,  or  a 
severe  pain,  tends  to  capture  the  attention.  When  once  atten- 
tion has  fastened  itself  upon  a  visual  object  the  tendency  is  very 
strong  to  turn  the  eyes  toward  that  object,  and  in  using  the 
eyes  somewhere  else,  this  tendency  has  to  be  resisted.  It  is 
not  far  to  see  that  the  neuro-muscular  mechanism  that  has 
just  been  described  is  between  two  fires,  and  with  the  result 
that  a  condition  of  great  embarrassment  of  vision  takes  place 
especially  in  sensitive  subjects.  It  is  evident  that  the  light 
source  may  be  assumed  to  be  provided  with  a  good  diffusing 
envelope,  or  to  be  a  naked,  over-bright  filament;  in  one  case 
it  is  an  invitation  for  the  eyes,  in  the  other  it  may  irritate  the 
retina  and  cause  the  reverse  tendency  in  the  muscles,  that  is, 
a  tendency  to  get  the  eyes  away  from  it.  In  either  case  there 
is  a  tendency  to  disturbance  of  the  equilibrium  of  the  eye  mus- 
cles. Whether  the  eyes  actually  respond  and  wander  away  from 
their  work  in   such  a  situation   is  a   question  which  cannot  be 
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answered  positively.  Undoubtedly  the  eyes  make  occasional  small 
excursions  away  from  their  actual  work  under  all  conditions. 
With  the  image  of  a  light  source  on  the  retina  this  tendency  is 
greater,  and  whether  the  eyes  yield  to  it  or  not  there  is  set  up 
a  certain  nervous  strain  between  two  tendencies  which  may  give 
rise  to  certain  vague,  disagreeable  feelings  known  as  glare. 

Added  to  this,  there  may  be  in  some  cases  a  factor  of  retinal 
irritation  by  too  high  brilliancy.  Whereas  it  was  stated  above 
that  under  practical  conditions  the  intensity  of  artificial  illumi- 
nation is  never  absolutely  too  high  as  far  as  the  general  illumi- 
nation is  concerned,  it  is  a  different  matter  when  considering 
the  image  of  the  light  source  itself  on  the  retina.  Leaving 
flame  sources  and  gas  mantles  out  of  the  question,  it  may  be  said 
that  the  incandescent  carbon  filament  at  working  specific  con- 
sumption is  too  bright  to  have  habitually  in  the  field  of  view. 
On  looking  fixedly  at  such  a  filament  for  only  a  moment,  an 
after-image  of  the  filament  will  be  visible,  indicating  a  disturb- 
ance of  balance  in  the  reiina.  which  persists  for  some  time. 
Again,  to  have  a  naked  filament  in  the  field  of  view  at  all,  even 
much  to  one  side,  is  an  irritating  circumstance  while  the  eyes 
are  engaged  in  close  work,  and  the  relief  found  by  substituting 
a  frosted  lamp,  of  even  higher  candle-power  is  striking. 

In  regard  to  diffusing  media,  one  purely  mathematical  propo- 
sition is  to  be  mentioned,  namely,  the  image  of  any  object 
seen  against  the  face  of  a  lens,  prism  or  other  refracting  sys- 
tem, is  just  as  bright  as  the  object  from  which  it  is  formed 
There  is,  it  is  true,  always  a  small  loss  of  light  in  passing 
through  a  layer  of  glass,  but  this  is  nearly  constant,  about  ten 
per  cent.  The  fact  that  the  image  of  an  incandescent  filament 
seen  through  a  lens  appears  tenths  of  an  inch  in  width,  while 
the  filament  itself  is  actually  thousandths  of  an  inch  in  diam- 
eter, does  not  mean  that  the  apparent  candle-power  per  square 
inch,  as  far  as  the  eye  is  concerned  is  reduced  a  hundred 
fold.  This  quantity  is  reduced  in  such  a  case  about  as  much 
as  it  would  be  in  viewing  the  filament  through  a  sheet  of  clear 
glass.  That  is,  the  eye  is  looking  at  a  filament  a  hundred  times 
as  large  as  the  actual  filament,  and  (less  by  an  insignificant  frac- 
tion^ exactly  as  bright  in  terms  of  candle-power  per  apparent 
square  inch.     In  the  case  of  prismatic  reflectors  it  is  only  when 
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they  are  so  far  away  that  the  eye  is  unable  to  distinguish  their 
individual  surfaces,  and  the  media  of  the  eye  can  themselves  per- 
form the  necessary  diffusion,  is  there  any  reduction  in  intrinsic 
brilliancy  significant  for  the  protection  of  the  eyes.  In  the 
case  of  frosted  or  sand-blasted  glass,  the  individual  refract- 
ing surfaces  are  very  minute,  the  individual  images  very  small, 
and  diffusion  is  here  complete  even  at  close  range. 

The  author  is  fully  aware  of  practical  considerations  in  the 
matter  of  distribution  and  efficiency  which  are  closely  involved 
in  this  question  and  does  not  mean  to  pronounce  any  con- 
demnation of  prismatic  glassware.  There  are,  however,  prac- 
tical considerations  from  the  eye  side  of  the  case.  To  show 
how  practical  the  considerations  are  let  a  single  illustration 
suffice.  A  few  weeks  ago  an  inquiry  was  received  at  the  lab- 
oratory with  which  the  author  is  connected  as  to  the  state  of 
knowledge  concerning  the  physiological  effects  of  the  tungsten 
light.  It  seemed  that  there  was  an  unfavorable  opinion  abroad 
as  to  the  effect  of  tungsten  lamps  on  the  eyes,  which  opinion 
was  found  to  owe  its  origin  to  the  expressed  opinions  of  ophthal- 
mologists, presumably  derived  from  their  practical  experience. 
Again,  the  opinion  is  heard,  from  medical  men,  that  a  good 
kerosene  lamp  is  the  best  light-source  for  eye-work  that  has 
yet  been  devised ;  that  the  electric  lamp  is  undoubtedly  prejudi- 
cial to  the  eyes,  and  so  on. 

Perhaps  a  consideration  of  the  conditions  under  which  a  kero- 
sene lamp  is  (or  was?)  used  may  elucidate  the  question.  The 
lamp  is  almost  invariably  set  so  that  the  flame  is  approximately 
on  a  level  with  the  eyes  of  a  person  sitting  in  the  room.  The 
upper  part  of  the  room  is  darkened  by  a  shade  the  edge  of 
which  is  low  enough  to  protect  also  the  eyes  of  persons  sitting 
in  the  room.  There  is  therefore  not  even  a  kerosene  flame  visi- 
ble to  the  eye,  to  say  nothing  of  a  naked  filament.  Apart  from 
the  question  of  high  intrinsic  brilliancy  this  illustration  serves 
to  point  out  another  abuse  that  the  very  convenience  of  incan- 
descent electric  lamps  has  drawn  them  into.  Whereas  the  me- 
chanical structure  and  heat  of  the  kerosene  lamp  compel  a  re- 
spectable distance  between  lamp  and  head,  an  electric  lamp  when 
shaded  may  be  put  almost  between  the  eyes  and  the  work. 
Whereas,  then,  in  the  case  of  the  kerosene  lamp,  a  reasonable 
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proportion  exists  between  illumination  on  the  work  and  general 
illumination,  in  the  supposed  case  of  the  electric  lamp  the  gen- 
eral illumination,  when,  for  reasons  of  economy  all  other  lamps 
are  put  out,  is  practically  zero.  Now  it  has  been  shown  that  in 
the  dark,  the  eye  increases  in  the  course  of  an  hour  several 
thousand-fold  in  sensitiveness,  and  conversely  loses  sensitive- 
ness by  exposure  to  strong  light.  This  phenomenon  has  been 
found  to  depend  on  retinal  change  (the  pupillary  change  being 
obviously  inadequate  to  explain  it)  brought  about  by  the  action 
of  light,  and  is  called  retinal  adaptation.  In  the  case  of  the 
extremely  brightly  illuminated  work,  in  a  practically  dark  room, 
it  is  impossible  for  all  parts  of  the  retina  to  be  maintained  at 
all  times  at  anything  like  the  same  level  of  sensitiveness.  The 
part  of  the  retina  on  which  the  image  of  the  work  falls  calls  for 
one  level  of  adaptation,  the  outlying  parts  corresponding  to  the 
stygian  darkness  of  the  room  in  general  call  for  a  much  lower 
level  of  adaptation,  that  is,  a  higher  degree  of  sensitiveness  of 
the  retina.  Still  worse,  when  direct  vision  wanders  as  it  does, 
from  the  one  to  the  other,  the  conditions  of  these  different  parts 
of  the  retina  have  to  be  exactly  reversed. 

Under  conditions  as  described,  the  "general  illumination"  must 
evidently  not  be  confounded  with  the  apparent  brightness 
of  the  walls,  etc.,  of  the  room.  The  apparent  brightness  of  the 
walls  is  of  course  a  function  of  their  color  (as  to  lightness  or 
darkness)  and  the  quality  of  their  surface.  Comparison  of  the 
candle-power  per  square  unit  of  the  walls  with  candle-power 
per  square  unit  of  the  work  gives  a  measure  of  relative  physi- 
cal brightness  of  general  surroundings  and  work  as  these  affect 
the  eye,  and  without  pretending  to  absolute  accuracy  but  sim- 
ply to  call  attention  to  the  proposition,  one  may  say  that  pro- 
vided there  is  sufficient  illumination  on  the  work  to  make  de- 
tails comfortably  visible  the  general  brightness  should  not  be 
greater  than  that  of   the  work.     If  the   general   brightness   of 

surroundings  is  not  less  than  —  of  that  of  the  work,   the  condi- 

x 

tions  are  favorable.     When  this  is  —  to  -.,-,   it  mav  be  said  that 

X  X' 

conditions  are  passable.     At  less  than   -r  conditions    are  unfav- 

x 
orable. 
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What  it  is  wished  to  make  clear  here  is  that  the  brightness 
of  the  general  surroundings  should  be  somewhat  less  than  that 
of  the  work,  but  not  indefinitely  less.  If  asked  to  state  a  value 
for  x  in  the  above  formulae,  the  author  would  say  that  it  is 
a  positive  quantity  greater  than  unity,  and  would  add  (with  the 
express  understanding  that  it  may  change  without  notice)  the 
opinion  that  it  is  somewhere  near  10. 

At  the  outset  it  was  promised  that  this  paper  would  come 
down  from  the  realm  of  speculation,  and  land  on  the  solid 
ground  of  observed  facts.  The  facts  in  mind  were  concerned 
with  the  effect  on  vision  at  the  center  of  the  retina  of  light 
in  the  field  of  view.  The  eye  at  O  (Fig.  i)  under  certain  con- 
ditions can  distinguish  letters  at  A  of  a  certain  size  (say  a).  If  a 
light-source  be  placed  at  B  where  the  eye  can  well  see  it  while 


Fig.  i. — Light  source  in  visual  field. 

looking  at  A,  it  is  found  under  certain  conditions  that  the  letters 
have  to  be  increased  to  a  size  b  to  become  just  distinguishable, 
the  illumination  on  them  being  the  same.  The  quantity  called  vis- 
ual acuity  has  then  decreased  in  the  ratio    -7  .       This  quantity 

called  visual  acuity  is  inversely  proportional  to  the  angle  at  0 
made  by  the  height  of  a  given  test  object  when  it  is  just  visi- 
ble, and  according  to  the  scale  in  use  by  ophthalmologists  is 
placed  =  1  when  the  test  letters  of  a  standard  pattern  subtend- 
ing an  angle  of  5  minutes  at  the  eye  are  just  legible. 

SIDE-ILEU  M I  NATION . 

It  is  proposed  here  to  give  a  brief  history  of  the  question  of 
vision  under  side-illumination  of  the  eye,  and  the  present  state 
of  knowledge  of  the  subject. 

Schmidt-Rimpler  (1887)  investigated  the  effect  on  central 
vision  of  light  on  the  exposed  sclera  ("white"  of  the  eye).     He 
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threw  a  small  image  of  an  incandescent  filament  on  the  sclera 
by  a  lens  system  (in  which  case  the  light  source  was  of  course 
not  visible  as  an  object)  and  found  vision  for  the  time  being 
reduced,  more  so  the  greater  the  intensity  of  the  side-light  and 
the  less  the  illumination  on  the  test  object.  Under  opposite 
conditions  (side  light  of  low  intensity)  he  found  a  reversed 
condition;  there  was  an  increase  of  visual  acuity  with  the  pres- 
ence of  the  side-light.  He  mentions  prior  observations  by 
Sewall  (1884)  and  Urbantschitch  (1883)  of  this  paradoxical 
increase  of  visual  power  taking  place  in  the  absence  of  pupillary 
contraction  where  the  pupil  is  stationary  under  the  influence 
of  atropine.  Later  Uhthoff.  and  Depene,  his  pupil,  (1900)  in- 
vestigated the  question  very  completely  for  the  outer  quadrant 
of  the  horizon,  the  side  light-source  being  successively  placed  at 
various  points  on  the  arc  of  a  circle  of  which  the  observed  eye 
was  the  center,  so  as  to  be  visible  to  the  eye,  as  was  not  the 
case  in  the  work  of  Schmidt- Rimpler.  They  reached  similar 
conclusions  with  such  complete  results  that  it  was  possible  to 
show  graphically  just  how  visual  acuity  varied  with  the  condi- 
tions.    Sets  of  Depene's  curves  are  reproduced  in  Figs.  2  and  3. 

In  addition  to  the  facts  demonstrated  by  Schmidt-Rimpler  he 
showed  that  the  depression  of  vision  was  greater  the  less  the 
angle  made  by  the  side  light-source  with  the  line  of  vision, 
and  he  also  found  under  the  opposite  conditions, — that  is,  dim 
side  light-source  making  a  large  angle  with  visual  line  and  high 
illumination  of  test  object  he  actually  got  increased  visual  acuity 
with  presence  of  the  side  light-source,  which  he  attributed  to 
pupillary  contraction.  As  to  the  meaning  of  this  there  has 
been  some  disagreement.  Some  hold  that  contraction  of  the 
pupil,  making  a  more  distinct  picture  on  the  retina  is  the  cause, 
others  say  that  it  occurs  as  well  when  the  pupil  is  made  im- 
mobile by  the  use  of  drugs. 

More  recently  Borschke  (1904)  investigated  the  question1  and 
found  that  when  the  image  of  the  side  light-source  fell  on  the 
blind  spot  of  the  retina,  the  effect  was  in  no  essential  way  dif- 
ferent from  the  case  where  the  sensitive  retina  received  the 
image,  showing  that  a  physical  factor,  scattered  light  in  the  eye, 

1  Borschke  used  the  method  of  determining  the  increase  of  illumination  on  the  test- 
cbject  just  necessary  to  make  visible  the  details  suppressed  by  the  incidence  of  the  side- 
light in  the  eye. 
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must  have  a  prominent  part  in  this  effect,  and  not  simply  the 
physiological  darkening  by  contrast  or  by  adaptive  changes,  as 
the  prior  observers  had  concluded.  The  author  confirms  this 
from  his  own  work  and  adds  to  it  that  the  reduction  of  vision  is 
actually  greater  when  the  image  of  the  side  light-source  falls  on 
the  blind  spot  than  when  it  falls  on  the  sensitive  retina  at  the 
same  angle  with  the  visual  line. 

Heymans  (1901)  came  to  the  opposite  conclusion;  that  is, 
that  a  side  light-source  whose  image  falls  on  the  blind  spot 
does  not  reduce  visibility  at  the  center.  His  method,  however, 
was  to  use  as  a  visual  test  the  lowest  illumination  at  which  a 
spot  of  light  was  visible  at  all,  and  found  that  a  second  light 
spot  sufficient  to  suppress  this  when  its  image  fell  on  the  sen- 
sitive retina  did  not  do  so  when  its  image  fell  on  the  blind  spot. 
As  he  was  working  at  very  low  intensities,  by  a  different  meth- 
od his  work  cannot  be  held  to  be  contradicting  the  work  of  the 
others  named  above. 

The  final  items  in  this  history,  placed  last  only  because  most 
recent,  are  the  contributions  of  Messrs.  Sweet  and  Millar.  Mr. 
Sweet  especially  emphasizes  the  pomt  that  under  the  conditions 
of  illuminating  practice  the  "glare-effect"  does  not  become  note- 
worthy unless  the  side-light  makes  an  angle  of  less  than  260 
with  the  line  of  vision.  This  result  agrees  substantially  with 
the  results  cited  here  (Figs.  2  and  3)  except  at  the  imprac- 
ticably low  illuminations  on  the  test  objects  and  the  higher  val- 
ues for  the  side-light.  It  is  concluded  then  that  there  is  physio- 
logically no  critical  angle,  that  this  reduction  of  vision  may  be 
brought  about  by  a  side-light  at  any  angle  from  which  light 
can  enter  the  eye  provided  the  illumination  on  the  test  object  be 
reduced  or  the  side-illumination  on  the  eye  be  increased  suffi- 
ciently. 

One  set  of  conditions  which  may  approach  this  in  practice  is 
the  vision  of  two  huge  light-sources,  each  apparently  a  large 
fraction  of  a  foot  in  diameter  and  of  the  intrinsic  brilliancy  of 
an  acetylene  flame  looming  up,  presumably  from  the  front  of  an 
automobile,  out  of  a  relatively  dimly  lighted  field,  which  is 
thereby  thrown  into  absolute  darkness  as  far  as  concerns  any 
objects  which  may  be  moving  about  in  it. 

But  leaving  these  practical  considerations  to  those  who  may 
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Fig.  2. — Effect  of  side  light  on  visual  acuity  at  various  illuminations. 
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make  practical  use  of  them,  namely  engineers  and  lawmakers, 
it  is  proposed  in  conclusion  to  discuss  briefly  the  physiological 
factors  which  are  concerned  in  this  reduction  of  vision  by 
light-sources  in  the  field  of  view. 

LIGHT-SOURCES  IN  THE  ElELD  OF  VIEW. 

As  was  just  intimated,  those  who  have  worked  on  the  ques- 
tion are  divided  as  to  which  of  two  factors  is  the  principal  one. 
These  two  factors  are : 

(1)  Induction,  or  change  in  the  adaptive  state  of  the  retina, 
and 

(2)  The  fact  of  scattered  light  within  the  eye  from  the  side 
light-source  acting  as  a  haze  thrown  over  the  objects  of  vision. 

It  is  obvious  that  the  scattered  light  in  the  eye  can  act  only 
while  the  eye  is  actually  illuminated  by  the  side  light-source, 
and  must  cease  instantly  when  this  is  cut  off.  Further,  an  effect 
from  this  cause  must  be  virtually  independent  of  the  intrinsic 
brilliancy  of  the  light-source,  depending  only  on  the  total  flux 
of  light  from  it,  and  will  be  present  when  the  image  of  the  light 
falls  on  the  blind  spot  of  the  retina. 

An  actual  change  in  the  sensitiveness  of  the  retina  may,  how- 
ever, have  results  which  will  endure  for  a  sensible  period  after 
the  eye  is  shaded  from  the  side-light  and  might  be  expected  to 
change  with  increased  area  of  the  light-source,  the  total  flux 
being  the  same,  since  a  larger  part  of  the  retina  is  so  stimulated. 
Further,  the  effect  would  be  nil  in  so  far  as  the  image  of  the 
light-source  fell  on  the  blind  spot  of  the  retina. 

The  facts  on  these  points  are : 

(1)  That  the  reduction  of  visual  acuity  is  greater  when  the 
image  of  the  side  light-source  falls  on  the  blind  spot  of  the 
retina  than  when  it  falls  on  a  light-sensitive  spot  equally  distant 
from  the  center.  This  speaks  for  the  dependence  of  this  phe- 
nomenon on  scattered  light  in  the  eye. 

(2)  With  the  same  light-flux  on  the  eye,  a  sand-blasted  glass 
before  the  side  light-source  caused  a  small  and  uniformly  great- 
er depression  of  vision  than  the  visible  filament  with  clear  glass, 
quite  contrary  to  the  expected  result,  for  all  angles  of  incidence 
including  50  degrees.  This  means  that  increased  area  of  re- 
tina stimulated  disturbs  central  vision  more,  and  speaks  unmis- 
takably for  a  distinct  change  in  the  sensibility  of  the  retina. 
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(3)  As  far  as  the  experiments  have  gone,  the  visible  filament 
caused  a  residual  persistence  of  the  depression  of  vision  which 
could  be  shown  to  endure  about  half  an  hour  (after  15  minutes 
work  of  the  eye  under  the  glare)  and  which  the  diffused  source 
failed  to  bring  about. 

It  is  concluded  then  that  scattered  light  in  the  eye  from  a 
side  light-source  is  a  large  factor  in  reducing  visual  acuity,  and 
that  there  are,  further,  probably  two  effects  relative  to  the  sen- 
sitiveness of  the  retina  itself,  one  called  forth  by  the  extent  of 
retinal  surface  stimulated  by  the  side-light,  and  transient;  the 
other  the  result  of  high  intrinsic  brilliancy  of  the  side  light- 
source  and  persistent  (to  a  degree)  after  the  side-light  has 
ceased  to  act  for  a  fraction  of  an  hour. 

A  man  who  devotes  his  time  to  research  without  direct  prac- 
tical application  is  often  under  suspicion  of  wasting  his  time 
in  making  hair-splitting  distinctions,  with  no  object  but  the  sat- 
isfaction of  his  own  personal  curiosity.  In  the  present  case  it 
seems  near  to  point  out  a  fact  that  hinges  on  this  very  dis- 
tinction. Obscuration  of  vision  by  scattered  light  in  the  eye 
per  se  need  be  no  more  harmful  to  the  eyes  than  looking  out 
of  a  window  into  a  fog.  If,  however,  one  can  distinguish  a 
definite  change  in  the  retinal  state  under  side-illumination  of 
the  eye  which  may  persist  after  the  light  is  cut  off,  the  possi- 
bility is  not  far  to  a  practical  application  of  this  distinction.  Al- 
though under  practical  conditions  the  actual  reduction  of 
visual  acuity  by  this  feature  of  glare  is  not  so  great  as  to 
cause  in  itself  serious  embarrassment  of  vision,  yet  it  can  be 
looked  upon  as  a  symptom  by  means  of  which  the  physiological 
diagnosis  of  a  system  of  illumination  may  possibly  be  made  in 
a  scientific  way,  instead  of  the  method  of  trying  it  out  under 
actual  conditions,  so  wasteful  of  time,  capital  and  human  eye- 
sight. 
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ARTIFICIAL  ILLUMINATION  AS  A  FACTOR  IN  THE 
PRODUCTION  OF  OCULAR  DISCOMFORT.1 


BY   NELSON   MILES  BLACK,   M.  D. 


It  is  a  generally  conceded  fact  that  improper  use  of  modern 
artificial  illumination  is  a  source  of  ocular  discomfort,  and  to  an 
extent  that  individuals  whose  vocations  require  its  use  are  often 
seriously  handicapped. 

Long  before  the  days  of  artificial  illumination  it  was  know  that 
injury  of  the  eyes  was  a  frequent  result  of  exposure  to  excessive 
light.  Eclipse  blindness  was  known  to  the  ancient  Greeks. 
Snow  blindness  is  frequently  referred  to  in  the  writings  of  the 
earliest  artic  explorers,  and  transient  blindness  and  cataract  are 
not  infrequent  results  of  exposure  to  lightning  flashes,  while 
electric  ophthalmia  since  the  advent  of  electricity  commercially 
is  of  rather  common  occurrence. 

SYMPTOMS   OF  OCULAR  DISCOMFORT. 

In  the  above  mentioned  conditions  the  clinical  picture  is  such 
that  the  injurious  action  of  bright  light  is  unmistakable.  The 
discomfort  complained  of  by  workers  under  artificial  illumina- 
tion is  of  an  entirely  different  character.  One  individual  may 
be  affected  differently  from  another.  The  most  common  com- 
plaint after  a  longer  or  shorter  period  of  exposure  is  that  the 
eyes  feel  dry  and  hot  with  a  sense  of  fullness  about  them  and  the 
details  of  objects  looked  at  become  a  little  blurred  as  if  the  il- 
lumination were  being  diminished.  At  this  stage  winking  is 
noticeably  increased.  Next  the  finer  details  of  objects  are  practi- 
cally lost  for  an  instant  and  can  only  be  brought  out  by  closing 
the  eyes  for  a  few  seconds ;  there  is  in  some  instances  an  actual 
ache  in  the  eyes  and  head,  mental  activity  is  dulled,  there  is  al- 
most a  complete  inability  to  keep  the  eyes  open,  together  with 
marked  drowsiness.  The  eyeballs  and  lids  show  more  or  less 
congestion.  .  A  short  rest  with  the  eyes  closed  frequently  brings 
about  a  marked  sense  of  relief  which  upon  resuming  the  occupa- 
tion gives  place  to  the  same  train  of  symptoms  that  now  make 
themselves    manifest    much    more    quickly.     Increasing   the    in- 

1  A  paper  presented  at  a  meeting  of  the  New  York  Section  of  the  Illuminating  Engi- 
neering Society,  January  12,  191 1. 


BLACK  :       ARTIFICIAL    ILLUMINATION  167 

tensity  of  the  illumination  will  for  a  short  time  tend  to  give 
apparent  relief  but  this  is  quickly  followed  by  greater  discom- 
fort. Continued  use  of  the  eyes  under  these  conditions  be- 
comes absolutely  painful  and  not  infrequently  impossible.  Cor- 
rection of  refractive  errors  by  properly  fitted  lenses  does  in 
some  measure  give  relief,  but  this  is  undoubtedly  because  they 
relieve  the  eye  of  some  strain.  However,  permanent  relief  is 
obtained  only  by  change  of  occupation.  Rest  will  bring  about 
temporary  relief,  the  symptoms  returning  when  the  work  is 
again  undertaken.  No  permanent  pathological  changes  take  place 
in  the  eye. 

In  all  honesty  it  must  be  confessed  that  ophthalmologists  are 
woefully  ignorant  as  to  the  exact  cause  of  this  ocular  distress, 
one  reason  being  that  the  changes  which  take  place  in  the  visual 
apparatus  when  subjected  to  bright  light  are  not  well  under- 
stood and  still  less  is  known  of  the  changes  which  take  place 
when  the  eye  is  subjected  to  the  spectra  of  different  illuminat- 
ing sources.  As  a  result  no  adequate  means  of  relief  have  been 
suggested. 

VISUAL    APPARATUS. 

In  order  that  the  results  obtained  by  various  investigators  may 
be  fully  understood  it  is  thought  best  to  give  a  brief  description 
of  the  different  parts  of  the  visual  apparatus,  although,  probably 
all  illuminating  engineers  are  familiar  with  them. 

In  order  to  produce  a  visual  impression  a  ray  of  light  must 
pass  through  several  transparent  media  each  of  which  has  the 
power  of  absorbing  a  portion  of  the  rays  it  transmits.  In  their 
respective  order  these  are:  (i)  the  cornea;  (2)  the  aqueous 
humor;   (3)  the  crystalline  lens,  and  (4)   the  vitreous  body. 

The  ray  of  light  finally  impinges  upon  a  complex  nervous 
mechanism,  the  retina,  which  is  the  innermost  tunic  and  per- 
ceptive structure  of  the  eye,  formed  by  the  expansion  of  the 
optic  nerve.  This  tunic  consists  of  ten  layers ;  of  these  only 
the  two  outer  layers  particularly  interest  us.  These  are  the  layer 
of  rods  and  cones,  and  the  pigmentary  layer.  "The  layer  of  rods 
and  cones  forms  the  percipient  element  of  the  retina,  in  the 
center  of  the  posterior  part  of  which  is  the  malcula  lutea,  the 
most  sensitive  portion  of  the  retina,  and  in  the  center  of  the 
malcula  lutea  is  a  depression,  the  fovea  centralis,  the  point  of 
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sharpest  vision.  In  the  fovea  only  cones  are  to  be  found.  Im- 
mediately external  to  this  area  each  cone  is  surrounded  by  a  ring 
of  rods.  The  number  of  rods  around  each  cone  increases  as  the 
periphery  is  reached.  The  outer  segments  of  the  cones  are 
situated  in  a  space  which  is  filled  with  fluid  and  an  external  lin- 
ing membrane  retains  this  fluid  in  place." 

The  cones  are  supposed  to  be  the  form-receiving  and  color- 
perceiving  elements  of  the  retina;  in  other  words,  they  are  the 
visual  cells. 

The  supposition  is  that  the  rods  are  the  special  apparatus  for 
vision  in  dim  lights  (night  vision).  They  contain  a  pigment 
known  as  rhodopsin  or  visual  purple,  which  is  very  sensitive  to 
light.  This  visual  purple  is  found  only  in  the  external  segments 
of  the  rods ;  the  cones  do  not  contain  it ;  therefore  the  fovea, 
which  has  only  cones,  does  not  contain  it.  It  has  been  shown 
that  a  photograph  may  be  made  upon  the  surface  of  the  retina  by 
the  bleaching  of  the  visual  purple  where  it  is  exposed  to  light. 
In  the  visual  purple,  there  is  therefore,  an  unstable  substance 
readily  decomposed  by  the  mechanical  or  chemical  effect  of  the 
ether  waves.  Some  radiations  are  very  much  more  active  than 
others  in  bleaching  this  substance,  greenish  yellow  being  most 
active,  yellow  next,  blue  next,  violet  next  and  red  least  active  in 
this  process.  It  has  been  shown  that  provision  exists  in  the 
retina  for  the  constant  regeneration  of  the  visual  purple.  The 
restoration  process  takes  place  rapidly  in  dim  light  or  darkness. 
The  external  segments  of  the  rods  impinge  upon  a  layer  of 
heavily-pigmented  cells — the  pigmentary  layer  mentioned  above. 
When  the  eye  is  exposed  to  light  the  black  pigment  of  these 
cells  migrates  so  as  to  be  in  position  to  restore  the  color  to  the 
bleached  or  used  up  visual  purple.  All  of  this  explanation  may 
seem  unnecessary  but  must  be  kept  in  mind  in  order  that  the 
latter  part  of  the  paper  may  be  understood. 

EFFECT  OF  BRIGHT  EIGHT. 

The  range  of  intensity  of  illumination  to  which  the  eye  can 
adapt  itself  is  enormous.  Compare,  for  instance,  the  feeble  in- 
tensity by  which  one  is  able  to  read,  less  than  one  foot-candle, 
and  the  brilliant  illumination  of  the  midday  sun.  The  length  of 
time  the  eye  may  be  used  with  comfort,  however,  is  manifestly 
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greater  with  the  weaker  illumination.  A  retina  protected  from 
light  for  a  time  will  distinguish  an  intensity  of  illumination  ab- 
solutely invisible  under  other  conditions.  This  adaptation  of  the 
eye  is  due  to  the  restoration  of  the  photochemic  quality  of  the 
visual  purple  which  is  used  up  as  the  result  of  exposure  to  light. 

We  all  know  the  discomfort  produced  by  the  reflection  of 
bright  sunlight  from  a  body  of  water,  a  wet  road,  the  surface 
of  a  white  building,  or  snow,  with  the  sun  somewhere  in  the  line 
of  vision  ;  and  in  speaking  of  this  effect  it  is  referred  to  as  "glare." 
In  order  to  produce  glare,  the  sun  need  not  necessarily  be  in 
the  line  of  vision,  it  may  be  behind  the  back  or  overhead 
especially  in  deserts  where  the  atmosphere  is  clear  and  the 
ground  surfaces  generally  white.  If,  however,  as  in  the  tropics, 
the  ground  surface  is  green  from  vegetation,  glare  is  conspicuous- 
ly absent.  The  intensely  bright  beams  from  a  calcium  lamp,  the 
acetylene  lamps  of  an  automobile,  the  flash  from  a  light-house,  or 
the  electric  head-lamp  of  a  locomotive,  or  any  bright  lamps  in 
the  line  of  vision  are  sources  of  glare  with  which  all  are 
familiar. 

A  marked  form  of  glare  is  experienced  in  passing  from  a  dark 
room  into  a  brilliantly  lighted  one,  or  into  the  bright  sunshine ; 
in  this  case  some  little  time  elapses  before  the  visual  apparatus 
so  adjusts  itself  that  objects  are  distinguished  clearly. 

ULTRA-VIOLET  LIGHT. 

It  has  been  clearly  demonstrated  that  exposure  of  the  un- 
protected eyes  to  light  having  a  spectrum  including  wave 
lengths  extending  far  into  the  ultra-violet  produces  very  serious 
and  often  lasting  injuries.  These,  however,  are  so  marked  that 
their  identity  is  unmistakable  and  differ  markedly  from  the 
ocular  discomfort  under  discussion.  The  result  has  been  that 
the  violet  and  ultra-violet  rays  have  been  considered  the  cause 
of  a1l  the  eye  trouble  extant  and  nearly  all  investigations  of  the 
subject  have  followed  these  lines. 

The  visual  spectrum  as  is  well  known  "includes  raditions  hav- 
ing wave  lengths  of  about  723  microns  at  the  red  end  to  those 
of  about  397  microns  at  the  violet  end.  Beyond  the  red  end  are 
rays  of  greater  wave  length  which  cause  a  rise  in  temperature. 
Beyond  the  violet  end  are  rays  of  smaller  wave  length  which  are 
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capable  of  causing  chemical  reaction.  These  latter  rays  are 
spoken  of  as  the  ultra-red  and  ultra-violet  rays  respectively  and, 
while  the  ultra-violet  radiations  are  particularly  potent  in  in- 
ducing chemical  action,  the  visible  rays  are  also  actinic  though 
in  less  degree,  and  the  same  is  true  of  the  infra-red  in  still  less 
degree.'' 

The  actinicity  of  the  various  wave  lengths  of  the  spectrum 
may  be  strikingly  demonstrated  with  a  specially-sensitized  photo- 
graphic film  by  passing  the  rays  of  light  through  a  train  of 
lenses  and  prisms  made  of  quartz  which  allow  the  maximum 
number  of  rays  to  pass  unimpeded. 

ABSORPTION    OF    ULTRA-VIOLET    RAYS    BY    OCULAR    MEDIA. 

By  interposing  the  refractive  media  of  the  eye,  that  is,  the 
cornea,  lens  and  vitreous  body,  in  a  ray  passing  through  a 
train  of  lenses  and  prisms  the  absorptive  power  of  each  may  be 
shown  upon  the  photographic  plate. 

"The  following  are  the  results  obtained  by  Mr.  Herbert  Parsons 
of  London :  The  eyes  of  young  rabbits  were  used  in  each  in- 
stance. "All  the  media  were  found  to  be  uniformly  permeable 
to  rays  between  the  wave  lengths  660  to  390  microns.  (The 
visible  spectrum  extended  from  approximately  760  to  380  mic- 
rons.) 

"For  the  ultra-violet  rays  the  iron  arc  was  the  source  and  quartz 
was  used  throughout.  Ordinary  plates  were  used,  that  is,  plates 
containing  no  dye  and  hence  giving  no  absorption  bands.  The 
range  of  wave  lengths  covered  in  this  series  was  from  450  to 
230  microns. 

"Comea.  The  cornea  was  found  to  offer  no  resistance  to  rays 
of  wave  lengths  longer  than  295  microns,  but  all  of  those  beyond 
this  limit  were  completely  cut  off. 

"Lois,  (a)  Suspended  in  normal  saline.  Rays  of  wave 
lengths  less  than  350  microns  are  absorbed  completely.  The 
line  is  not  a  sharp  one,  the  absorption  commencing  at  about  400 
microns,  (b)  Squeezed  to  different  thickness.  The  absorption 
varies  pari  passu  with  the  thickness  of  the  layer  of  lens  substance. 

"Vitreous.  The  vitreous  in  a  layer  3/16  inch  thick  shows  a 
broad  absorption  and  extending  from  280  to  250  microns,  with 
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a  maximum  at  270  microns.  The  margins  of  the  band  are  ill- 
defined. 

''These  results  agree  closely  with  those  recently  obtained  by 
Schanz  and  Stockhausen  and  Birch-Hirshfeld.'' 

Thus  it  will  be  seen  that  with  the  cornea  absorbing  rays  of 
wave  lengths  less  than  295  microns  and  the  lens  those  less  than 
400  microns,  practically  no  ultra-violet  rays  reach  the  retina  so 
that  their  ill  effects  upon  the  eye,  if  any,  would  probably  be 
entirely  superficial  and  to  produce  symptoms  similar  to  mild 
electric  ophthalmia,  that  is,  pain,  photophobia,  lacrymation, 
hyperaemia,  swelling  of  the  conjunctiva  and  mucoid  discharge, 
which  are  not  the  symptoms  under  discussion. 

ABSORPTION    OF    ULTRA-VIOLET    RAYS    BY    ILLUMINANT    ENVELOPES. 

There  is  an  additional  eliminative  factor,  as  far  as  ultra-violet 
rays  are  concerned  in  connection  with  the  source  of  illumination 
itself.  To  quote  Dr.  Steinmetz,  "While  artificial  illuminants, 
and  especially  metal  arcs,  give  an  appreciable  amount  of  the 
ultra-violet  light,  these  ultra-violet  rays  extend  only  to  about  one- 
quarter  octave  beyond  the  visible  violet.  If,  as  is  always  the 
case,  the  illuminant  is  enclosed  by  glass,  the  harmful  effect  of 
these  long  ultra-violet  rays  is  negligible :  the  radiation  of  the  sun 
also  contains  ultra-violet  rays  and  a  larger  percentage  compared 
with  the  total  radiations  than  any  glass-enclosed  artificial  il- 
luminant, and  as  the  light  of  the  sun,  that  is,  daylight,  is  recognized 
a-  perfectly  harmless,  as  far  as  this  specific  destructive  action  is 
concerned,  the  same  applies  to  the  artificial  illuminants,  as  they 
contain  less  ultra-violet  rays  than  the  light  of  the  sun."  The 
harmful  effects  of  ultra-violet  to  the  superficial  portion  of  the 
eye  are  apparently  thus  eliminated. 

LUMINOUS    RADIATIONS. 

If  such  is  the  case  the  harmful  effects  must  come  from  lumin- 
ous radiations  of  greater  than  400  microns  wave  length.  The  ex- 
periment of  Best  would  seem  to  prove  this.  "He  found  that  he 
could  safely  look  for  ten  seconds  directly  at  the  midday  sun  in 
the  summer  through  blue  uvial  glass,  which  cut  off  a  large  pro- 
portion of  the  luminous  rays  but  transmitted  all  rays  of  wave 
length  between  405  microns  and  332  microns  and  a  considerable 
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part  of  those  of  shorter  wave  length.  After  the  exposure  he 
saw  a  yellow  after-image  of  the  sun  for  a  few  minutes,  but  this 
was  not  sufficient  to  prevent  him  reading.  On  the  other  hand 
he  found  it  impossible  to  'fix'  the  sun  even  for  the  fraction  of  a 
second,  when  looking  through  yellow  glass  which  cut  off  all 
ultra-violet  rays." 

Comparable  with  the  Best  experiment  is  the  distress  mani- 
fested by  albinos  under  conditions  of  illumination  in  which 
the  average  normal  individual  is  perfectly  comfortable.  These 
individuals  have  white  or  very  light-colored  hair,  their  irides  and 
inner  coats  of  the  eye  are  pink,  owing  to  the  lack  of  pigment. 
The  pigment  cells  are  present  but  contain  no  pigment.  It  is  im- 
possible for  an  albino  to  "fix"  any  object  as  the  eyes  are  con- 
stantly in  motion,  a  condition  known  as  nystagmus.  This  is 
probably  nature's  method  of  preventing  to  as  great  an  extent  as 
possible,  retinal  irritation,  as  no  one  point  of  the  retina  is  sub- 
jected to  the  unprotected  effects  of  light  for  any  length  of  time. 
Smoke  or  tinted  glasses,  which  reduce  the  intensity  of  the 
luminous  rays  which  reach  the  retina  do  much  toward  alleviating 
their  distress. 

In  this  connection  it  may  be  mentioned  an  inverse  comparison, 
the  night  blindness  produced  by  exposure  to  bright  lights.  Quot- 
ing Mr.  J.  Hilbert  Parsons,  "Prolonged  exposure  to  bright 
lights  in  the  tropics  and  at  sea  is  not  infrequently  followed  by 
night  blindness.  These  cases  are  of  peculiar  interest,  since  they 
show  in  a  marked  degree  the  effects  of  retinal  exhaustion.  ,  It 
was  shown  long  ago  that  if  one  eye  is  bandaged  and  thus 
protected  from  light  during  the  day  the  night  blindness  is 
warded  off  as  far  as  that  eye  is  concerned.  It  is  almost  certain 
that  the  retinal  exhaustion  in  these  cases  is  due  primarily  to 
bleaching  of  the  visual  purple,  which  is  not  restored  with  the 
usual  rapidity.  In  some  cases  of  this  kind  malnutrition  plays 
a  part  but  others  occur  without  this  factor.  Night  blindness  has 
been  known  to  follow  a  long  motor  drive  facing  the  sun  which 
was  near  the  horizon  and  consequently  shining  directly  into  the 
driver's  eyes. 

"Now  these  changes  in  the  retinal  purple  are  chemical  in 
character  and  might  be  expected  to  be  induced  most  readily  by 
the  most  actinic  rays  of  the  spectrum,  namely,  the  ultra-violet 
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rays.  These  are  known  to  be  responsible  for  so-called  "snow 
blindness,"  but  this  is  a  superficial  inflammation  of  the  mucuous 
membrane  covering  the  eye  and  is  of  a  completely  different  char- 
acter." 

The  question  then  is  why  are  workers  under  artificial  light 
prone  to  ocular  discomfort. 

The  author  has  an  hypothesis  to  advance  based  upon  three 
primary  factors,  namely,  (a)  the  theory  of  vision  as  advanced 
by  F.  W.  Eldridge-Green ;  (b)  the  effect  of  light  from  various 
illuminating  sources  upon  the  visual  purple  of  the  retina;  (c) 
the  question  of  evolution. 

There  are  two  or  three  other  important  factors  which  will  also 
be  mentioned. 

(a)  Eldridge-Green  in  his  theory  of  vision  assumes,  "that  the 
cones  of  the  retina  are  insensitive  to  light,  but  sensitive  to 
chemical  changes  in  the  visual  purple.  Light  falling  upon  the 
retina  liberates  the  visual  purple  from  the  rods  and  it  is  diffused 
into  the  fovea  and  other  parts  of  the  rod  and  cone  layer  of  the 
retina.  The  decomposition  of  the  visual  purple  by  light  chemi- 
cally stimulates  the  ends  of  the  cones  (probably  through  the 
electricity  which  is  produced)  and  a  visual  impulse  is  set  up, 
which  is  conveyed  through  the  optic  nerve  fibers  to  the  brain." 
He  also  assumes  that  the  visual  impulses  caused  by  the  different 
rays  of  light  differ  in  character  just  as  the  rays  of  light  differ 
in  wave  length.  Then  in  the  impulse  itself  there  is  the  physio- 
logical basis  of  the  sensation  of  light,  and  in  the  quality  of  the 
impulse  the  physiological  basis  of  the  sensation  of  color. 

He  has  assumed  that  the  quality  of  the  impulse  is  perceived 
by  a  special  perceptive  center  in  the  brain  with  the  power  of 
perceiving  differences  possessed  by  that  center  or  portions  of 
that  center.  According  to  this  view  the  rods  are  not  concerned 
with  transmitting  visual  impulses,  but  only  with  the  visual  purple 
and  its  diffusion. 

In  support  of  the  assumption  that  the  cones  of  the  retina  are 
insensitive  to  light  Eldridge-Green  says,  "If  the  cones  are  not 
sensitive  to  light,  a  ray  of  light  falling  upon  the  fovea  alone  and 
not  upon  the  adjacent  portion  of  the  retina  containing  rod1? 
should  produce  no  sensation  of  light,  provided  that  there  is  not 
already  any  visual  purple  in  the  fovea. 
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"It  has  been  known  to  astronomers  for  a  long  time  that  if  a 
small  star  in  a  dark  portion  of  the  sky  be  looked  at  steadfastly  it 
will  disappear  from  view,  whilst  other  stars  seen  by  indirect 
vision  remain  conspicuously  visible.  The  following  simple  ex- 
periment shows  the  same  thing.  If  a  pin  be  put  in  the  center  of 
a  piece  of  black  velvet  three  feet  square  on  a  door  and  the  source 
of  light  be  behind  the  observer,  the  pin  will  be  brightly  il- 
luminated, and  on  looking  at  it  (the  observer  not  being  too  close) 
and  keeping  the  eye  quite  still  the  pin  will  disappear,  the  visual 
substance  diffused  into  the  fovea  centralis  being  used  up  and 
not  renewed.  When  viewed  by  indirect  vision  it  is  impossible 
to  make  it  disappear  in  this  way.  When  I  have  taken  great  care 
to  have  very  dark  surroundings  and  have  used  only  one  eye  I 
have  made  moderately  bright  lights  disappear  in  this  manner. 
The  greatest  difficulty  is  found  with  red  light,  which  is  very 
difficult  to  make  disappear.  This,  however,  one  should  expect 
from  the  knowledge  of  the  visual  purple,  for  red  light  bleaches 
it  very  slowly,  and  therefore  a  much  longer  time  would  be  re- 
quired before  the  visual  purple  already  in  the  fovea  was  used  up." 

Kiihne,  who  has  done  so  much  in  connection  with  photo- 
chemistry of  the  retina  and  visual  purple  expresses  an  opinion 
"that  the  visual  purple  could  not  be  essential  to  vision  because  it 
was  not  present  in  the  cones,"  but  as  Eldridge-Green  remarks, 
"he  does  not  appear  to  have  looked  for  it  between  the  cones"  and 
it  seems  to  him  "more  probably  that  the  rods  should  produce  a 
secretation  which  would  affect  cells  other  than  themselves." 

Eldridge-Green  has  demonstrated  visual  purple  between  the 
cones  microscopically  in  the  eyes  of  monkeys. 

Assuming  that  the  above  is  the  true  theory  of  vision,  an  absolute- 
ly essential  factor  to  the  visual  act  is  an  unstable  photo-chemical 
substance,  generated  in  the  rods  of  the  retina,  which  is  decom- 
posed by  the  action  of  light.  This  decomposition  taking  place 
most  rapidly  in  the  presence  of  light  at  about  the  middle  of  the 
visible  spectrum:  that  is,  greenish  yellow  or  yellow  radiations 
have  the  greatest  bleaching  effect.  Absence  of  light  is  necessary 
for  its  reproduction  or  restoration. 

(b)  In  comparing  the  spectra  of  artificial  illuminants  with 
the  spectrum  of  sunlight  a  marked  difference  is  found.  Practi- 
cally all  sources  of  commercial  illumination  are  deficient  in  blue 
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rays  as  compared  with  sunlight.  Blue  is  the  complimentary 
color  of  yellow  and  neutralizes  it.  Artificial  light  lacking  blue 
to  neutralize  its  yellow  has  then  a  greater  proportion  of  yellow 
rays  which  are  next  active  to  the  greenish  yellow  in  bleaching 
the  visual  purple. 

(c)  Evolutionary  changes  in  an  organ  of  the  body  are  the 
result  of  a  change  in  the  environment  extended  over  very  long 
periods  of  time.  Since  the  advent  of  man  upon  the  earth  the 
light  of  the  sun,  moon  and  stars  has  been  practically  the  only 
source  of  illumination.  The  torch  of  ancient  times  and  the  rush 
light,  candle,  whale  oil  lamps,  and  various  forms  of  oil  lamps 
of  medieval  and  early  modern  days  were  not  extensively  enough 
used  and  not  of  sufficient  intensity  to  have  been  a  very  great  factor 
in  the  evolution  of  the  eye  although  they  probably  exerted  some 
influence. 

The  real  cause  for  an  evolutionary  change  to  take  place  was 
brought  about  with  the  discovery  of  the  refining  process  which  pro- 
duced an  efficient  artificial  illuminant  from  petroleum  about  the 
year  1854.  This  was  practically  the  beginning  of  real  com- 
mercial artificial  light.  Edison  produced  the  carbon  incandescent 
lamp  in  1878,  since  which  time  the  number  of  hours  the  eyes  are 
used  for  close  work  under  artificial  illumination  have  been  enor- 
mously increased.  Improvements  have  been  inaugurated  almost 
daily  and  always  with  a  view  of  increasing  the  efficiency  of  the 
illumination  which  usually  ends  in  increasing  the  intensity  with 
no  thought  as  to  the  physiologic  effect  upon  the  eyes. 

It  must  be  apparent  that  far  from  sufficient  time  has  elapsed 
for  evolutionary  changes  even  to  begin  to  adapt  the  eye  to  the 
comparatively    abrupt    change    in    environment. 

The  hypothesis  submitted  then  is  that  at  least  a  part  of  the 
ocular  discomfort  observed  from  use  of  the  eyes  under  artificial 
light  results  from  the  irritating  effect  of  the  luminous  or  visible 
radiations  of  such  illumination  upon  the  unprotected  retinal 
elements.  The  visual  purple  which  is  an  essential  factor  to 
vision  and  is  the  protective  agent  to  the  retinal  elements  against 
light,  is  used  up  by  improper  use  of  illuminants,  having  spectra 
with  relatively  more  radiations  which  decompose  this  photochemic 
substance  more  rapidly  than  sunlight.  This  irritating  effect  is 
probably  greater  because  insufficient  time  has  elapsed  for  evolu- 
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tionary  changes  to  adapt  the   eye  to  modern  artificial  illumination. 

It  must  be  confessed  that  the  present  state  of  our  knowledge 
is  insufficient  to  formulate  a  satisfactory  theory  as  to  the  actual' 
cause  of  ocular  discomfort  from  artificial  illumination.  The 
above  hypothesis  has  been  advanced  as  a  possible  basis  for 
further  specific  experimental  investigation  and  an  appeal  is  made 
to  the  members  of  the  Illuminating  Engineering  Society  for  aid 
in   carrying  on  such  an   investigation. 

Other  factors  which  tend  to  promote  discomfort  are  the  result 
of  exposure  of  the  eyes  to  bright  light,  either  direct,  reflected, 
diffused  or  diffracted,  which  produce  reflex  action  of  the  lids 
and  iris.  The  lids  are  screwed  up,  the  brow  puckered  and  the 
iris  maintained  in  a  state  of  constant  contraction  in  order  to 
exclude  the  light.  The  expenditure  of  nervous  energy  required 
to  bring  this  protective  mechanism  into  play  tends  to  produce 
brain  tire  and  drowsiness,  while  the  fatigue  induced  by  the  con- 
stant muscular  contraction  makes  itself  manifest  as  discomfort 
in  and  about  the  eye.  This  is  especially  marked  when  bright 
light  is  reflected  upwards  into  the  eye  as  undoubtedly  all  have 
noticed  when  reading  print  upon  paper  having  a  high  glaze.  The 
same  result  is  equally  marked  after  a  short  time  in  a  room 
brilliantly  lighted  artificially. 

The  question  naturally  comes  up :  why  is  the  effect  not  as 
marked  when  the  eyes  are  exposed  to  the  brilliant  sunlight  of  a 
clear  day?     There  are  several  factors: 

(1)  There  is  only  one  source  of  light  and  one  can  usually 
prevent  the  rays  from  striking  directly  in  the  eye. 

(2)  The  light  is  diffracted  and  diffused  by  its  passage  through 
the  ether,  especially  so  on  days  when  there  are   clouds    in   the    sky. 

(3)  There  is  as  a  rule  a  constant  change  in  the  intensity  of 
the  light  except  upon  deserts  or  prairies.  This  is  a  very  great 
factor  in  the  production  of  ocular  comfort. 

(4)  The  eye  has  innumerable  chances  for  rest  and  change  in 
the  countless  marked  shadows  of  different  intensity  found  in 
brilliant  sunlight,  except  in  deserts  and  prairie  countries,  which 
latter  do  not  produce  as  much  ocular  discomfort  as  a  brilliantly 
lighted  auditorium. 

(5)  The  color  schemes  in  nature  are  a  prime  factor  in  ocular 
comfort. 
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Do  any  of  the  above  conditions  obtain  in  the  average  illumina- 
tion installation?  In  artificial  lighting  the  sources  of  illumina- 
tion are  innumerable  and,  as  a  rule,  many  units  are  included 
within  the  field  of  vision,  so  that  the  intrinsic  brilliancy  of  each 
point  of  light  while  not  striking  directly  upon  the  fovea  itself, 
impinges  upon  other  portions  of  the  retina  in  the  immediate 
neighborhood.  This  uses  up  the  visual  purple  needlessly  which 
should  be  diffused  through  the  macula  where  it  is  required  to 
produce  visual  impulses.  In  addition  the  automatic  protectors 
of  the  eye,  the  lids  and  iris,  are  forced  into  action. 

The  source,  which  is  amply  sufficient  for  the  purpose  in- 
tended, is  frequently  shaded  within  a  reflector  which  directs  the 
rays  upon  the  object  "fixed,"  from  which  they  are  reflected  di- 
rectly into  the  eyes,  the  original  intensity  of  the  unit  being  in- 
creased by  the  reflector  to  a  point  far  beyond  actual  requirement. 
If  diffusing  or  diffracting  envelopes  are  used,  the  intrinsic  bril- 
liancy of  the  unit  is  reduced  in  intensity  but  is  still  within  the 
visual  field  and  continues  a  factor  in  causing  discomfort. 

In  artificial  illumination  there  is  no  change  in  the  intensity 
of  the  light  such  as  is  met  with  in  daylight,  during  which  the 
eye  may  have  a  chance  for  relaxation  and  restoration  of  the 
photochemical  substance.  The  shadows  produced  may  or  may 
not  be  considerable  and  are  usually  in  a  position  where  it  is  al- 
most impossible  for  the  eyes  to  "fix"  them  in  order  to  allow 
relaxation.  The  color  schemes  in  indoor  decoration  are,  as 
a  rule,  all  worked  out  under  daylight,  very  little  thought  being 
given  to  the  effect  produced  by  artificial  illumination  or  the  phy- 
siologic effect  upon  the  eyes. 

Ocular  comfort  in  close  use  of  the  eyes  under  artificial  il- 
lumination may,  to  a  certain  extent,  be  secured  by  using  pro- 
tective media,  such  as  lenses  having  the  power  of  absorbing  certain 
radiations  or  of  diminishing  the  intensity  of  the  rays ;  in  some 
occupations  this  is  absolutely  essential.  In  all  probability,  how- 
ever, the  most  important  factor  is  to  determine  exactly  what 
physiologic  effect  artificial  light  has  upon  the  eyes,  and  let 
such  findings  be  a  guide  as  to  its  proper  use.  The  problem  is 
no  easy  one  but  its  solution  is  very  essential  to  the  ocular  com- 
fort of  coming  generations,  which  should  be  sufficient  stimulus 
tor  immediate  and  earnest  investigation  by  all  the  departments 
of  science  involved. 
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DISCUSSION  OF  COBB  AND  BLACK  PAPERS  BY  THE 
NEW  YORK  SECTION. 


Dr.  John  E.  Weeks: — The  subject  of  illumination  is  one  that 
is  well  worthy  the  careful  consideration  of  engineers, — a  sub- 
ject which  should  be  studied  not  only  from  the  standpoint  of 
physics,  but  also  from  the  standpoint  of  physiology.  The  sub- 
ject is  such  a  broad  one,  and  is  of  such  importance,  that  the 
present  beginning  should  certainly  be  pursued  until  satisfactory 
conclusions  have  been  reached  from  scientific  data. 

In  regard  to  the  annoyance  from  bright  light,  many  questions 
are  involved.  It  is  a  fact  that  in  man  and  in  certain  other  ani- 
mals visual  purple  exists.  It  is  also  a  fact,  (or  at  least  those 
who  have  studied  the  matter  so  state),  that  in  certain  animals 
with  good  vision  visual  purple  is  not  present.  It  is  conceded 
that  the  portion  of  the  spectrum  mentioned  by  Dr.  Black,  as 
not  exactly  a  perfect  yellow,  apparently  reduces  the  visual  pur- 
ply  more  actively  than  any  other  portion  of  the  spectrum,  and 
a  marked  absence  of  light  of  this  nature  is  necessary  to  permit 
reproduction  of  the  visual  purple. 

The  study  in  regard  to  the  cells  which  produced  the  visual 
purple  is  not  as  yet  complete,  although  it  is  believed  generally 
that  the  rods  are  the  portions  of  the  retina  that  are  so  concerned. 
The  rapidity  of  the  reduction  of  the  visual  purple  depends  largely 
on  the  intensity  as  well  as  on  the  color  and  also  the  volume  of 
light  that  enters  the  eye.  This  is  regulated  by  a  curtain  spread 
before  the  lens  known  as  the  iris,  which  required  an  appreciable 
time  to  contract  and  dilate — adapt — itself  to  the  varying  condi- 
tions. The  exhaustion  of  the  visual  purple  when  one  passes 
from  a  dark  room  into  light,  is  rapid  because  of  the  lack  of  time 
for  adaptation  of  the  iris,  or,  in  other  words  for  lack  of  time 
for  proper  contraction  of  the  pupil.  There  is  also  a  retinal  and 
a  pigmental  "adaptation"  but  the  main  cause  is  the  size  of  the 
pupil. 

The  quality  and  the  intensity  of  the  light,  in  addition  to  the 
proper  adaptation  of  the  pupil,  are  factors  in  determining  the 
ease  of  vision.  At  the  present  time  it  is  very  well  known,  or 
very  well  settled,  about  how  much  light  is  required  on  an  il- 
luminated surface  to  save  ease  in  vision.     It  is  known  that  dav- 
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light  is  best  adapted  for  the  eyes.  The  quality  of  the  artificial 
illumination  is  not  fully  decided.  That  is  a  large  field  for  study. 
However,  in  any  event,  the  source  of  light  should  be  above,  gen- 
erally speaking. 

The  question  as  to  illumination  by  side  light  sources  is  one 
that  is  of  much  importance,  and  one  that  affects  very  vitally  the 
lighting  of  audience  chambers  whether  they  are  lighted  by  ar- 
tificial or  by  natural  illumination.  The  nearer  the  source  of 
light  approaches  to  the  visual  line,  the  more  is  the  eye  confused. 
When  an  audience  chamber  is  illuminated,  the  source  of  light 
should  be  removed  at  least  25  degrees  from  the  visual  line. 
This  fault  in  illumination  is  frequently  observed.  One  of  the 
worst  lighted  rooms  in  the  State  of  New  York  is  the  Senate 
Chamber,  at  Albany,  in  which  side  sources  of  illumination  are 
numerous,  many  within  ten,  fifteen,  twenty  or  twenty-five  de- 
grees of  the  visual  line.  The  President  of  the  Senate  sits  be- 
hind a  circular  table  which  is  surrounded  by  a  number  of  in- 
candescent lamps.  Below  him  is  another  semi-circular  table, 
the  Clerk's  desk,  on  which  there  is  a  number  of  lamps  which  are 
not  protected  in  any  way,  and  above  his  head  are  lamps  with 
naked  filaments.  The  glare  that  the  Senators  experience  in  trying 
to  see  the  President  is  quite  enormous.  The  reason  for  this  is 
in  large  part  because  the  contraction  of  the  pupil  occasioned 
by  the  intense  side  light  units  is  such  that  the  illumination 
coming  from  the  object  looked  at,  namely,  the  President  of  the 
Senate,  does  not  afford  sufficient  rays  of  light  to  produce  a  proper 
image  on  the  retina ;  the  constant  warfare  between  the  desire  to 
obtain  rays  of  light  from  the  object  looked  at,  and  the  desire 
to  shut  out  the  excessive  amount  of  light  from  the  light  sources, 
produce  great  eye  fatigue  in  the  individual  so  engaged. 

Dr.  H.  H .  Scabrook : — In  criticising  a  paper  which  is  so  gen- 
erally excellent  as  that  of  Dr.  Black,  I  wish  it  understood  that 
there  are  only  these  few  points  in  opposition  I  wish  to  make. 

About  three  years  ago  I  read  a  paper  before  the  Society  in 
which  I  called  attention  to  the  injuries  done  to  the  eyes  by 
illumination  in  general.  I  took  up  artificial  illumination,  and  when 
some  doubt  was  expressed  by  those  interested  in  artificial  il- 
lumination  regarding   these   injuries,   an   argument    I    used  was 
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to  produce  a  paper  which  Dr.  Black  had  written  as  to  injuries 
to  the  eye  from  light. 

In  the  first  place  direct  injury  from  the  sun  is  not  proven  to  be 
due  to  ultra-violet  rays.  Birch-Hirschfeld,  in  1904,  called  at- 
tention to  the  fact  that  spectral  light  does  not  injure  the  eye, 
but  only  ultra-violet;  but  in  reading  the  text  in  the  language 
in  which  it  was  published,  I  found  that  while  one  experimenter 
had  shown  this  to  be  the  case  others  had  shown  that  chemical  rays 
of  the  spectrum  injure  the  eye.  There  is  confusion  due  to  the 
fact  that  some  when  referring  to  light,  refer  to  all  of  the  spec- 
trum, others  to  the  light  rays  only ;  and  when  speaking  of  chemi- 
cal rays  sometimes  only  ultra-violet  rays  are  intended  while  at 
other  times  all  chemical  rays  are  included. 

The  question  of  visual  purple  has  been  under  discussion  as  to 
its  importance,  but  there  is  no  doubt  as  to  the  importance  of  the 
migration  and  breaking  up  of  the  pigment  cells  of  the  retina  by 
light.  The  pigment  cells  being  broken  up,  shows  retinal  exhaus- 
tion. 

Along  about  1884,  Van  Gendesen  Short  showed  that  the  mi- 
gration of  pigment  cells  is  at  a  minimum  in  yellow  light.  In 
1904,  Arnold  Staerkle  took  up  the  question,  and  employed  a  glass 
which  was  the  old  smoke-glass  with  yellow.  This  has  been 
used  as  a  protective  glass  in  Germany,  with  great  success,  and 
is  called  Fieuzel  glass,  from  its  original  proposer,  its  only  fault 
for  general  use  being  a  virtue  in  pathological  cases  as  it  cuts  off 
about  50  per  cent,  of  the  illumination  as  well  as  chemical  rays. 

I  am  decidedly  of  the  opinion  that  the  chemical  rays  of  light 
are  the  ones  that  cause  most  damage,  and  experiments  on  animals 
have  shown  the  production  of  cataract  by  their  use;  and  the 
fact  that  cataract  is  prevalent  in  India  and  on  the  planes  of 
Mexico  seem  to  bear  that  statement  out.  Tyndall  showed  that 
the  chemical,  including  ultra-violet  rays,  are  absorbed  by  the  at- 
mosphere ;  hence  snow  blindness  occurs  only  in  high  altitudes ; 
while  in  the  valleys  it  is  not  prevalent.  Amber  yellow  glass  is 
used  with  better  effect  than  Fieuzel. 

As  regards  the  question  of  glare,  I  have  defined  glare  as  an 
excess  of  light  which  causes  discomfort  to  the  human  retinas. 
Hence  what  would  be  glare  for  one  person  would  not  be  glare 
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for  another.  Illuminating  engineers  can  only  treat  the  subject 
on  general  principles,  and  trust  to  the  oculist  to  do  the  rest. 

Illuminating  engineers  who  have  been  solving  these  problems 
for  the  last  few  years,  have  decided  that  the  artificial  illumina- 
tion for  one  purpose  will  not  do  for  all  others,  and  that  the 
general  illumination  of  the  flaming  arc  and  other  strong  lamps, 
while  each  is  good  for  its  particular  purpose,  would  not  be 
proper  for  reading. 

There  are  a  few  points  of  practical  interest  to  illuminat- 
ing engineers  and  others  in  order  to  avoid  damage  to 
eyes  from  excess  of  illumination.  First,  the  intensity  of 
the  image  in  the  incandescent  lamp  because  of  the  small 
filament  causes  greater  damage  to  the  eye  than  if  the  light  were 
diffused.  It  has  been  shown  that  the  eyes  are  constantly  shift- 
ing about ;  they  are  never  steady  for  any  length  of  time,  but 
are  always  moving  so  that  light  is  not  focused  with  intensity 
on  any  one  spot  on  the  retina. 

Xext  the  two  questions  of  distance  and  position  are  subjects 
of  extreme  importance  to  our  specialists  and  illuminating  en- 
gineers. The  position  of  the  light  source  in  front  makes  the 
reader  bend  over,  whereas  from  the  rear  it  makes  him  sit  up.  If 
it  is  in  front,  it  makes  him  bend  over  and  it  congests  the  mus- 
cles of  the  neck  and  chest,  and  it  is  supposed  in  Germany  to 
produce  near-sightedness. 

In  what  little  work  I  have  done  in  the  last  few  years,  I  have 
found  that  most  people  with  eye  discomfort  due  to  light  will  be 
benefitted  by  attention  to  these  simple  points. 

Dr.  Black : — In  regard  to  the  statement  that  ultra-violet  light 
is  a  factor  in  the  production  of  eye  damage,  in  my  paper  there 
is  nothing  contradicting  this  statement.  Ultra-violet  rays  are 
productive  of  a  great  deal  of  damage  to  the  eye,  and  they  are 
also  a  factor  in  the  production  of  cataracts.  In  India  and  Mexico 
the  reflection  of  the  sunlight  from  the  broad  stretches  of  desert 
and  from  the  snow  in  Labrador,  results  in  a  glare  that  is  in- 
tense. As  Parsons  states,  it  is  his  observation  that  "the  changes 
in  the  retinal  purple  are  chemical  in  character,  and  might  be  ex- 
pected to  be  induced  most  readily  by  the  actinic  rays  of  the 
spectrum — namely,  the  ultra-violet  rays.  These  are  known  to 
be  responsible   for  the  so-called  "snow -blindness,"  but  this  is  a 
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superficial  inflammation  of  the  mucous  membrane  covering  the 
eye,  and  is  of  a  completely  different  character  from  the  ocular 
discomfort  under  discussion. 

The  cause  of  the  intense  pain  in  the  eye  is  the  extreme  con- 
gestion, which  extends  deeply  into  the  orbit.  The  nerves  from 
the  orbit  go  through  a  small  foramena  or  opening  in  the  bones 
of  the  skull  and  these  cause  pressure  upon  the  congested  tissue 
and  produce  that  pain. 

As  to  the  cataracts,  in  India,  Mexico  and  Labrador,  the  na- 
tives are  frequently  subjects  of  malnutrition  as  the  result  of  fam- 
ine,— notably  so  in  India.  As  a  consequence  the  nourishment  of 
the  lens  is  reduced,  the  lenses  of  some  individuals  are  more  sub- 
ject to  these  changes,  and  it  is  this  character  of  lens  which 
undergoes  the  change.  These  changes  occur  also  in  individuals 
working  in  intense  heat,  such  as  glass  blowers.  In  those  men 
whose  systems  are  run  down  and  their  nutrition  reduced,  cata- 
racts are  found.  The  Esquimaux  have  at  all  times  one  or  other 
extreme, — either  a  feast  or  a  famine. 

Dr.  Seabrook  spoke  of  the  yellow  glass  used  by  Alpine  tour- 
ists. That  is  used  to  protect  them1  against  the  ultra-violet  rays. 
The  reflection  from  the  snow  is  very  great  and  the  glare  intense 
at  those  altitudes.  It  is  true  that  ultra-violet  rays  are  the  cause 
of  a  great  deal  of  damage  to  the  eyes;  but  my  paper  says  dis- 
tinctly that,  it  is  ocular  discomfort  due  to  artificial  light  in  which 
there  are  no  pathological  changes  in  the  eye. 

Mr.  S.  W .  Ashe : — The  subject  of  glare  is  one  which  from 
time  to  time  has  caused  considerable  discussion.  Various  theo- 
ries have  been  advanced  and  a  new  and  interesting  theory,  name- 
ly, that  of  muscular  ocular  discomfort  is  introduced  in  the 
paper  by  Dr.  Cobb.  In  considering  this  subject,  I  have  always 
been  partial  to  the  theory  that  glare  is  caused  by  scattered  light 
in  the  eye  which  necessitates  high  intensity  to  obtain  the  same 
sharpness  on  the  retina. 

In  this  respect,  the  eye  may  be  likened  to  a  camera  where 
one  is  attempting  to  photograph  an  object  with  the  sun  in  the 
field  of  the  camera.  In  taking  such  a  photograph  a  fogged 
plate  is  obtained;  objects,  unless  they  are  highly  illuminated, 
are  indistinct.     The  eye  probably  acts  somewhat  similar  to  the 
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camera  in  this  respect,  where  glare  exists.  It  is  necessary  to 
raise  the  intensity  in  order  to  produce  the  same  acuity. 

In  comparing  illuminants,  in  the  future,  acuity  will  doubtless 
play  a  more  important  part  than  in  the  past.  In  comparing 
two  illuminants — A  and  B — it  may  be  found  that  in  their 
ability  to  produce  the  same  illumination,  A  will  be  cheaper  than 
B,  but  when  a  comparison  is  made  on  an  acuity  basis,  B  may  be 
cheaper  than  A.  The  difficulties  in  making  comparison  on  an 
acuity  basis  is  that  the  color  of  the  illuminant  plays  a  very  im- 
portant part.  B  may  be  cheaper  than  A  when  acuity  is  deter- 
mined with  a  black  object  upon  a  white  background,  but  where 
the  color  of  the  background  is  other  than  white,  the  conditions 
may  be  reversed. 

Mr.  H.  T.  Owens: — Dr.  Cobb  states  that  the  minimum  dis- 
comfort would  be  obtained  with  the  maximum  light  in  the  lower 
part  of  the  room.  However,  it  is  usually  considered  that  bet- 
ter results  are  obtained  when  the  major  illumination  is  in  the 
upper  part  of  the  room,  and  not  down  in  the  lower,  and  it  is 
very  unusual  to  have  the  source  of  illumination  in  the  lower 
part  of  the  room.  It  is  held  by  some  persons  that  the  proper 
way  to  illuminate  a  room  is  to  place  a  reflector  below  the  lamp 
and  direct  all  of  the  light  upward  against  the  ceiling. 

Dr.  Black: — All  objects  are  seen  by  reflected  light,  unless  they 
are  self-luminous ;  and,  if  the  sources  of  illumination  are  in 
the  lower  part  of  the  room,  they  will  be  in  the  field  of  vision 
where  they  will  be  a  source  of  discomfort  as  the  result  of  their 
intrinsic  brilliancy. 

The  source  of  light  should  be  high,  and  the  light  should  be 
rightly  diffused,  reflected  and  refracted  and  diffracted  before 
it  gets  to  the  bottom  of  the  room,  with  the  main  flux  of  illumina- 
tion directed  upon  the  objects  which  are  to  be  observed. 

Dr.  Cobb  states  that  in  general  illumination,  it  is  best  to  keep 
the  eye  in  a  perfect  state  of  adaptation.  I  think  that  is  abso- 
lutely wrong.  One  must  have  a  change  in  the  intensity  of 
illumination,  so  that  the  eye  may  become  rested;  so  that  the 
visual  purple  may  be  restored,  and  active  vision  go  on. 

If  in  general  illumination  there  are  no  shadows  to  relieve 
the  monotony  and  to  allow  the  visual  purple  to  be  restored, 
there  will  be  a  gradual  decrease  in  visual  acuity;  when  a  side 
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light  source  is  within  an  angle  of,  say,  26  degrees,  rays  of  light 
other  than  those  from  the  object  fixed  enter  the  eye,  and  use 
up  the  visual  purple  with  the  consequent  loss  of  visual  acuity. 
When  the  eye  is  moved  out  of  that  angle,  the  visual  purple  is 
not  affected  so  much.  The  eye  is  also  protected  by  the  iris, 
the  lid,  and  brow. 

When  there  are  two  sources  of  illumination,  one  in  which 
the  intrinsic  brilliancy  is  from  a  naked  filament,  and  the  other  is 
diffused  like  a  globe,  the  visual  acuity  is  not  changed.  But 
the  greater  discomfort  noticed  under  the  bare  filament,  is  due 
to  certain  areas  of  the  retina  having  the  visual  purple  used 
up  from  the  brilliant  light  of  the  filament,  and  such  areas  are 
subjected  to  great  irritation  as  the  visual  purple  cannot  be  sup- 
plied rapidly  enough  to  protect  them. 

As  to  the  loss  of  vision  owing  to  a  side  light  being  within 
a  certain  angle  on  either  side  of  the  line  of  vision,  it  is  well 
to  mention  certain  tests  made  by  Dr.  Chamberlain,  consulting 
oculist  of  the  Great  Northern  Railway,  who  investigated  the 
engine  men's  ability  to  distinguish  signals  under  similar  condi- 
tions. At  one  end  of  a  long  room  several  signal  lamps  were  so 
arranged  that  the  various  colors  could  be  placed  before  them; 
in  front  of  the  men  was  an  electric  "headlight,"  directed  toward 
the  signal  lamps. 

The  men  were  in  the  relative  position  of  an  engineer  in  a  cab 
with  the  "head-light"  directed  on  the  track  in  front  of  them. 
So  long  as  the  light  was  thrown  on  the  signal  lamps  with  the 
angle  of  incidence  such  that  the  reflected  light  was  not  in  the  line 
of  vision,  the  signal  could  be  distinguished.  Then  an  electric 
headlight  was  switched  on  for  fifteen  or  twenty  seconds  as  of 
the  headlight  of  an  engine  coming  around  a  curve.  Out  of  the 
seven  men  on  trial,  not  one  distinguished  all  of  the  colors  prop- 
erly, under  these  conditions.  Some  would  call  the  red  brown, 
and  some  would  call  it  yellow,  but  in  no  instance  did  any  man 
determine  all  of  the  colors,  simply  because  the  visual  purple 
had  been  used  up  by  the  glare  from  the  light  in  the  line  of  vision. 

Dr.  Cobb : — My  investigations  have  shown  the  existence  of  a 
marked  difference  between  ocular  discomfort  and  depression  of 
the  visual  function.  The  question  of  glare  should  not  be  con- 
fined to  any  one  of  these  points  alone,  because  all  of  the  many 


DISCUSSION   OF   COBB   AND  BLACK   PAPERS  1 85 

factors  should  be  considered.  Glare  begins  at  the  retina,  but 
disturbance  of  the  eye  muscles  does  play  a  part  and  must  be  con- 
sidered in  this  connection. 

Concerning  adaptation,  I  do  not  hold  that  an  absolutely  uni- 
formly illuminated  field  of  view  is  good  for  eye  comfort.  Con- 
trast is  needed  to  give  rest  to  various  parts  of  the  retina,  but 
contrasts  can  easily  be  carried  to  an  extreme.  The  point  I  wished 
to  make  in  my  paper  is  that  the  general  illumination  of  a  room 
should  be  somewhat  proportioned  to  the  illumination  of  the 
work. 

That  discomfort  and  visual  depression  are  different  phenomena 
has  been  shown  by  some  tests  which,  contrary  to  my  expectation, 
indicated  that  sources  of  higher  intrinsic  brilliancy  in  the  visual 
field  produced  a  larger  degree  of  discomfort  with  no  more  dis- 
turbance of  the  actual  power  of  the  eye  to  see  detail  than  the 
same  intensity  of  light  on  the  eye  coming  from  a  diffusing  screen. 
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THE  LIGHTING  OF  A  LARGE   STORE.1 


BY   CLARENCE   L.   LAW   AND   ALBERT   JACKSON    MARSHALL. 


In  the  fall  of  1910,  Gimbel  Brothers'  large  New  York 
store,  occupying  the  block  between  Thirty-second  and  Thirty-third 
streets,  facing  Broadway  and  Sixth  Avenue,  was  opened  to  the 
public.  There  are  ten  stories  above  and  three  below  the  surface 
of  the  ground;  the  McAdoo  Tunnels,  to  lower  New  York  and 
under  the  Hudson  to  several  stations  in  New  Jersey  connecting 
with  one  of  the  basements.     The  building  was  designed  by  D.  H. 


Fig.  1.— Main  aisle  looking  east  towards  Sixth  avenue. 

Burnham  Company,  architects,  of  Chicago,  and  built  by  the 
Thompson-Starrett  Construction  Company  of  New  York.  Some 
idea  may  be  obtained  of  the  magnitude  of  this  building  from  the 
following  statistics  furnished  by  the  architects  and  builders:  It 
has  120  flights  of  stairs,  which  if  made  into  one  continuous 
flight,  would  extend  upward  1,680  feet — more  than  twice  the 
height  of  the  largest  building  in  the  world.  Over  100,000  square 
feet  of  plate  glass  is  used  on  the  outside  of  the  building  alone. 
This  would  cover  a  surface  larger  than  three  average  city  blocks. 
There  are  2,406  steel  columns  in  the  building,  having  a  combined 
height  of  over  6  miles.     The  rock  excavated  for  the  space  oc- 

1  A  paper  presented  at  a  meeting  of  the  New  York  Section  of  the  Illuminating  Engi- 
neering Society,  March  9,  1911. 
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cupied  by  the  sub-basement,  basement  and  basement  mezzanine 
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F'g-  2. — Section  plan  of  main  floor,  showing  location  of  furniture,  pillars,  lighting 
units,  test  stations  and  illumination  data. 

totalled  2,970,000  cubic  feet.     The  heating  system  is  one  of  the 
largest  ever  installed  in  New  York.     It  requires   1,320,000  feet 
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or  25  miles  of  circulation  pipe  to  distribute  the  heat  properly.    All 
fixtures,  counters,  tables,  partitions  and  wood  finish  throughout 


•    * 


the  store  are  of  red  Mexican  mahogany.    More  than  1,000,000 
feet  of  such  lumber  were  used.     Of  these  fixtures  there  are  908 
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show  cases,  having  a  combined  length  of  8,205  feet,  848  wall 
cases,  running  7,652  feet;  and  1,376  counters  extending  12,642 
feet.  In  addition  to  these,  there  are  used  for  displaying  stock 
985  tables  which  would,  if  placed  end  to  end,  extend  8,865  ^eet- 
Before  proceeding  to  a  discussion  of  the  lighting  of  this  build- 
ing, the  authors  desire  to  congratulate  the  architects   for  their 
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Fig.  4  —Section  plan  of  main  floor,  (plated 
silver  ware),  showing  location  of  furniture, 
pillars,  lighting  units,  test  stations  and  il- 
lumination data. 


Fig.  5. — Section  of  main  floor,  (ladies'  un- 
trimmed  hats),  showing  location  of  furniture, 
pillars,  lighting  units,  test  stations  and  il- 
lumination data. 


arrangement  (spacing) — of  the  lighting  outlets  which  permits 
of  ideal  light  and  illumination  results  being  obtained.  The  out- 
lets are  on  about  12-feet  centers. 

A   comparatively   short    time   before   the   completion    of   this 
building,  the  writers  were  called  upon  to  look  over  the  scheme 
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of  lighting,  which,  for  the  most  part,  had  been  prepared  by  an 
engineer,  which  scheme,  in  general,  consisted  of  single  pendant 
chain  stem  and  close  fitting  ceiling  fixtures,  using  tungsten  lamps 
and  equipped  with  glass  spheres  of  a  yellowish  orange  nature. 
After    carefully   ascertaining   the   requirements   of    store   light- 


Fig.  6. — Lighting  fixture  used 
on  first  floor. 
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Fig.  7.— Photometric  curve  of  lighting  unit 
used  at  first  on  first  floor,  with  frosted  tip 
tungsten  lamp. 


Fig.  8. — Photometric  curve  of  lighting  unit 
now  used  on  first  floor,  with  clear  bulb  lamp. 


ing,  and  this  store  in  particular,  and  having  made  an  analysis 
of  the  lighting  specifications  aforementioned,  the  authors  sub- 
mitted a  report  to  the  owners,  the  gist  of  which  follows: 


CONSIDERATIONS. 

The  first  points  to  be  considered  in  the  design  of  this  light- 
ing system  are : 

First,  the  effect  that  is  to  be  produced,  that  is,  the  quantity, 
character,  intensity  and  distribution  of  illumination. 

Second,  the  lighting  scheme  should  be  of  such  a  nature  that 


LAW  AND  MARSHALL:      LIGHTING  OF  A  LARGE  STORE         191 

neither  the  light  sources,  nor  the  effects  produced,  will  be 
injurious,  or  objectional,  to  the  eye. 

Third,  the  light  and  illumination  effects  obtained  should  pro- 
duce the  desired  psychological  results. 

Fourth,  the  lighting  units  employed  should  be  effective  and 
harmonious  with  their  surroundings,  but  not  necessarily  objects 
of  art,  to  the  point  of  detracting  from  the  goods  on  sale. 

Fifth,  the  light  sources  used  should  be  efficient. 

Sixth,  the  installation  should  permit  of  economic  maintenance. 

CRITICISMS. 

The  following  criticisms  are  based  on  eight  fixture  designs, 
alphabetically  indicated  as  A,  B,  C,  D,  E,  F,  G  and  H,  and 
models  evolved  from  some  of  these  designs  on  display  at  Gimbel 
Brothers'  Philadelphia  establishment.  All  the  designs  indicated 
were  purely  suggestive  and,  therefore,  being  in  the  rough,  were 
not  susceptible  to  rigid  aesthetic  criticism. 

The  over-all  drop  of  the  A  fixture,  (that  is,  the  distance  from 
the  ceiling  to  the  extreme  bottom  of  the  unit)  was  seemingly 
correct  from  a  symmetry  point  of  view  for  use  on  the  first  floor. 
In  connection  with  this  fixture  a  12-in.  yellow  orange  tinted  ball 
was  indicated,  having  a  6-in.  opening,  which  opening  is  too  small 
for  the  passage  of  the  three  100-watt  tungsten  lamps  which  have 
been  specified  for  use  therein.  The  use  of  three  or  more  lamps 
in  such  cluster  formation  is  inefficient.  This  is  understood  when 
it  is  known  that  the  lamps,  by  being  in  such  relative  positions,  inter- 
cept a  certain  portion  of  the  light  rays  emanating  from  one  another, 
thereby  preventing  a  considerable  amount  of  the  light  flux 
from  striking  the  interior  sides  of  the  ball,  thereby  resulting  in 
unwarranted  absorption.  Besides,  with  the  use  of  three  lamps, 
unless  the  glassware  is  exceedingly  dense,  causing  great  loss 
by  absorption,  three  points,  or  spots  of  light  will  be  visible  on 
the  sphere,  thus  destroying  its  symmetry.  The  use  of  lamps  in 
this  manner,  in  this  unit,  should  not  be  considered. 

As  regards  distribution  of  light  flux:  the  distribution  of  light 
about  a  bare,  clear,  incandescent  electric  lamp  is,  usually,  greatest 
in  a  horizontal  direction,  when  the  lamp  is  hung  pendant;  end- 
on,  and  those  angles  between  o°   (end-on)  and  900   (horizontal) 
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from  which  useful  illumination  is  obtained,  the  flux  is  not  so 
great.  This  is  corrected  by  the  use  of  properly  designed  re- 
flectors.    The    distribution   of    light    rays    about    a    lamp,    when 


Fig.  9 — Balcony,  main  floor  mezzanine,  showing  manicuring  tables. 


Fig.  10.— Balcony,  main  floor  mezzanine,  showing  chiropodists'  and  hair-dressing  rooms. 

equipped  with  a  diffusing  globe,  which  has  comparatively  no 
redirecting  qualities,  is  comparable  to  that  of  a  bare  lamp  with 
the  difference  that  as  the  diffusing  glassware,  in  order  to  diffuse 
light,  absorbs  a  certain  percentage  of  the  light  flux,  depending 
upon  its  density,  contour,  character  of  surfaces   and  color,  the 
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illuminating  ability  of  the  unit  is  decreased.  If,  on  the  first  floor 
of  the  New  York  store,  unit  A  would  be  used,  the  ceiling  and 
upper  parts  of  this  floor,  where  no  goods  are  displayed,  would 
be  considerably  brighter  than  the  shelving  and  counters,  where 
goods  are  displayed.  The  absorption  of  light  by  a  glass  globe, 
as  before  indicated,  depends  on  its  density,  contour,  character  of 
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surfaces  and  color.     Following  are  some  figures  relative  to  ab- 
sorption factors  which  probably,  at  this  point,  will  be  of  interest : 
Table  I. — Light  Absorption  in  Per  Cent. 

Clear  glass 5  to  10 

Ground  glass 20  to  30 

Alabaster  glass 20  to  50 

Opal  glass 25  to  60 

Milk  glass   30  to  80 

The  foregoing  factors  vary  with  different  qualities  and  treat- 
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ments  of  glass  and  with  illuminants  giving  color  values  and  are 
to  be  considered  as  but  representing  approximate  values. 

The  glassware  specified  for  the  store  is  of  a  distant  yellow 
orange  tinge,  which  would  not  only  very  materially  absorb  the 
light,  resulting  in  a  larger  consumption  of  electricity  than  is  nee- 
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essary  but  by  being  highly  selective  in  its  absorbing  qualities  (ab- 
sorbing to  a  great  extent  toward  the  blue  end  of  the  visible 
spectrum),  will  distort  greatly  the  true  color  values  of  the  goods 
displayed,  besides  giving  a  gloomy,  dull  appearance  to  the  store. 
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Table  II  will  convey  some  idea  of  the  effect  of  different  colored 
lights  falling  on  various  colored  fabrics : 

The  question  of  predominating  color  of  illumination  to  be  em- 
ployed in  a  department  store  is  of  paramount  importance  and 
will  be  dealt  with  in  greater  detail  later  on  in  that  part  of  this 
paper  headed  "Suggestions." 

Criticisms  similar  to  those  made  on  unit  A  apply  to  unit  B  with 
the  exception  that  instead  of  three  100-watt  lamps,  one  150- watt 
lamp  is  specified,  with  a  corresponding  increase  in  efficiency. 

The  criticisms  on  units  C  and  D  are  similar  to  those  on  unit 
B. 

The  E  fixture  was  seen  only  through  the  medium  of  a  blue 
print,  and,  as  insufficient  knowledge  had  been  gained  from  such 
observation,  no  comment  on  it  will  here  be  made. 

The  F  fixture  will  serve  its  purpose  as  an  emergency  lighting 
unit  if  hung  within  easy  reach. 

Fixture  G  consists  of  combination  gas  and  electric  brackets, 
the  gas  part  of  which  seems  to  be  such  as  to  meet  requirements. 
The  electrical  part,  however,  has  been,  to  a  measure,  hooded  by 
a  shade  which  has  apparently  not  been  designed  with  any  special 
reference  to  the  proper  distribution  of  light  rays,  nor  is  it  pro- 
portionately correct  from  an  aesthetic  viewpoint.  If  similar 
kind  of  glass  is  recommended  for  this  fixture  as  for  fixture  A 
then  similar  criticisms  are  in  order. 

Fixture  H  is.  similar  to  the  electric  part  of  fixture  C. 

SUGGESTIONS — FIRST   SCHEME. 

First  Floor: — Each  of  the  outlets  on  the  first  floor  should  be 
equipped  with  one  250-watt  bowl-frosted  tungsten  lamp  and 
prismatic  intensive  reflector  satin-finished;  the  unit  to  be  at- 
tached to  the  ceiling  by  a  chain  fixture.  The  over-all  drop  of 
this  fixture  should  be  between  4.0  and  4.5  ft. 

Second  and  Third  Floors  and  Basement  Court: — Each  ceiling 
outlet  on  the  second  and  third  floors  and  basement  court  be- 
tween columns  158  and  154  and  139  and  143  should  be  equipped 
with  150-watt  bowl-frosted  tungsten  lamp  and  prismatic  intensive 
reflector,  satin-finished,  the  unit  to  be  attached  to  the  ceiling 
by  a  chain  fixture.     The  over-all  drop  of  the  fixture  for  the  base- 
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merit  court,  should  be  4.0  ft.,  that  for  the  second  floor  2.5  ft.  and 
that  for  the  third  floor  2.0  ft. 

Fourth  to  Eighth  Floors,  Inclusive: — Each  of  the  outlets  on 
these  floors  should  be  equipped  with  one  150-watt  bowl-frosted 
tungsten  lamp  and  prismatic  intensive  reflector,  satin-finished, 
the  unit  to  be  attached  to  the  ceiling  by  a  chain  fixture.  The 
over-all  drop  should  not  exceed  2.0  ft.,  being  preferably  from 
18  to  20  in. 

Basement,  Basement  Mezzanine,  under  and  over  First  Floor 
Mezzanine,  Ninth  and  Tenth  Floors,  also  Toilets,  Locker-rooms, 
and  Stairs: — Each  of  the  outlets  in  these  various  parts  of  the 
building  where  unit  D  on  architects'  drawing  was  intended, 
should  be  equipped  with  one  150-watt  bowl-frosted  tungsten  lamp 
and  prismatic  intensive  reflector,  satin-finished,  the  unit  to  be 
directly  attached  to  the  ceiling  by  a  short  fixture.  The  over-all 
drop  of  the  lighting  fixture  should  be  approximately  10  in.  Each 
socket  in  the  straight  electric  brackets,  as  well  as  in  the  com- 
bination gas  and  electric,  fixtures  should  be  equipped  with  one 
40-watt  frosted  tip  tungsten  lamp  and  prismatic  asymmetrical 
globe  in  standard  2.25-in.  holder  position. 

SUGGESTIONS — SECOND  SCHEME. 

First  Floor : — Each  of  the  ceiling  outlets  on  first  floor  should 
be  equipped  with  one  250-watt  clear  tungsten  lamp  and  prismatic 
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F,S-  J5— Photometric  curve  of  unit  now  used  in  parts  of  the  second  and  first  floors. 

reflector-ball,  the  lower  hemisphere  of  which  should  be  satin-fin- 
ished ;  the  unit  te  be  attached  to  the  ceiling  by  means  of  a  chain 
fixture.     The  overall  drop  should  be  4.5  ft. 
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Fig.  16.— lighting  unit  used  on 
secoud  and  third  floors. 
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Fig.  17.— Photometric  curve  of  unit  in- 
stalled on  second  and  third  floors. 


Fig.  18. —Section  of  third  floor,  (ladies' 
cloak  and  suit  department),  showing  lo- 
cation of  furniture,  pillars,  lighting  units, 
test  stations  and  illumination  data. 
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Second  to  Eighth  Floors,  Inclusive: — Each  of  the  ceiling  out- 
lets on  these  floors  should  be  equipped  with  one  150-watt  clear 
tungsten  lamp  and  prismatic  reflector-ball,  the  lower  hemisphere 
of  which  should  be  satin-finished,  the  unit  being  attached  to  the 
ceiling  by  means  of  chain  fixture.  The  overall  drop  of  the  fix- 
ture for  the  second  floor  should  be  2.5  ft. ;  and  for  the  third  to 
eighth  floors,  inclusive,  the  drop  should  be  2.0  ft. 

Basement,  Basement  Mezzanine,  under  and  over  First  Floor 
Mezzanine,  Ninth  and  Tenth  Floors,  also  Toilets,  Locker-rooms 
and  Stairs: — Each  of  the  ceiling  outlets  in  these  various  parts 
of  the  building,  where  unit  D   on   architects'   drawing  was   in- 


Fig.  19.  — Fourth  floor,  packing  department. 

tended,  should  be  equipped  with  one  150-watt  clear  tungsten 
lamp  and  prismatic  reflector-ball,  the  lower  hemisphere  of  which 
should  be  satin-finished,  the  unit  being  attached  to  the  ceiling  by 
means  of  a  chain  fixture.  The  overall  drop  of  the  fixture  should 
be  17  in. 

Each  socket,  in  the  straight  electric  brackets,  as  well  as  in 
the  combination  electric  and  gas  fixtures,  should  be  equipped 
with  one  40-watt  frosted  tip  tungsten  lamp  and  prismatic  asym- 
metrical reflector  globe  in  standard  2.25-in.  holder  position. 

SUGGESTIONS — THIRD  SCHEME. 

First  Floor :— Each  of  the  outlets  on  the  first  floor  should  be 
equipped  with  one  250-watt  clear  tungsten  lamp  and  special 
prismatic  reflector   (collar  ground  off)   resting  on  the  lamp  in- 
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side  a  14-in.  lightly-ground  glass  sphere  with  10-in.  opening,  the 
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Fig.  20.— Section  plan  of  fourth  floor,  (pack- 
ing department),  showing  location  of  furni- 
ture, pillars,  lighting  units,  test  stations  and 
illumination  data. 


Fig.  21.— Section  plan  of  fourth  floor,  (gen- 
tlemen's hats),  showing  location  of  furniture, 
pillars,  lighting  units,  test  stations  and  il- 
lumination data. 


unit  being  attached  to  the  ceiling  by  a  chain  fixture.   The  overall 
drop  of  this  fixture  should  be  4.5  ft. 
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Second  to  Eighth  Floors,  Inclusive: — Each  ceiling  outlet  on 
these  floors  should  be  equipped  with  one  150-watt  clear  tungsten 
lamp  and  prismatic  reflector  resting  on  the  lamp,  inside  a  12-in. 
lightly-ground  glass  sphere,  with  8-in.  opening,  the  unit  being 
attached  to  the  ceiling  by  means  of  a  chain  fixture.  The  overall 
drop  of  the  fixture  for  the  second  floor  should  be  2.5  ft.  and  that 
for  the  third  to  eighth  floors  inclusive,  2.0  ft. 

Each  socket  in  the  straight  electric  brackets,  as  well  as  in  the 


Fig.  22. — Fourth  floor,  gentlemen's  hats. 

combination  gas  and  electric  fixtures,  should  be  equipped  with  one 
40-watt  frosted-tip  tungsten  lamp  and  prismatic  asymmetrical  re- 
flector globe,  in  standard  2.25-in.  holder  position. 

COMPARISON    OF     SUGGESTED    PLANS. 

From  Scheme  Xo.  1  on  the  first  floor,  an  illumination  of  from 
10  to  12  foot-candles,  on  the  shelving  and  counters  would  be 
obtained.  The  intensity  of  illumination  obtained  on  the  first  floor 
of  a  large  department  store  in  the  middle  west  is  from  8  to  10 
foot-candles.  The  aforementioned  intensity  is  of  a  brilliant  and 
inviting  nature,  materially  adding  to  the  advertising  value  of  the 
store  and.  on  account  of  the  manner  in  which  it  would  be  ob- 
tained, would  not  have  objectionable  glare  features.  A  store  so 
lighted  denotes  the  company's  confidence  in  the  quality  of  its  goods. 
Inasmuch  with  this  equipment  as  the  rays  of  the  tungsten  lamp 
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Fig.  23.— Section  plan  of  fourth  floor,  (toy 
department),  showing  location  of  furniture, 
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Fig.  24. —Lighting  unit  used  in  basement 
under  balcony  on  fourth  and  seventh 
floors. 
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Fig.  25.— Photometric  curve  of  opal  re- 
flector with  150-watt  bowl-frosted  tungsten 
lamp. 


Fig.  26. — Photometric  curve  of  opal  re- 
flector with  100-watt  bowl-frosted  tungsten 
lamp. 
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would  be  reflected,  with  very  little  modification,  to  the  working 
plane,  the  quality  and  color  of  the  light  would  be  maintained. 
On  the  upper  floor  where  150- watts  per  outlet  are  to  be  used 
an  illumination  intensity  of  from  8  to  10  foot-candles  would  be 
obtained.  Scheme  No.  1,  everything  considered,  is  easily  the 
best  proposition  to  entertain.  Scheme  No.  2  carries  out  the  ball 
idea  and  is  considerably  more  effective  and  efficient  than  the  use 
of  ordinary  diffusing  spheres,  in  that  the  balls  suggested  are 
scientifically  constructed,  the  upper  half  consisting  of  a  series 
of  totally-reflecting  prisms  which  assist  in  redirecting  the  light 
rays  through  the  satin-finished  lower  half,  thus  giving  rise  to 
well-diffused,  efficient  illumination.  The  chief  drawback  of  an 
installation  of  these  balls  is  that  the  12-in.  sphere  (unless  it  is 
desired  to  go  to  the  expense  of  installing  14-in.  spheres  on  the 
first  floor)  would  have  to  be  used  throughout  the  several  floors 
inasmuch  as  the  next  smaller  size  prismatic  reflector-ball  has  not 
a  sufficiently  large  opening  to  permit  the  use  of  150-watt  Tung- 
sten lamps.  Scheme  No.  3  is  the  one  for  ground  glass  spheres, 
and  is  similar  to  that  specified  by  the  engineer  with  the  difference 
that  instead  of  using  on  the  first  floor,  three  lamps  inside  of  each 
sphere,  one  is  used ;  over  this  lamp  there  should  be  placed  a  re- 
flector which,  by  directing  the  light  rays  to  points  below  the 
horizontal,  would  increase  materially  the  useful  illumination  on 
the  working  plane.  On  the  upper  floors  this  same  general  idea 
could  be  carried  out,  but  a  150-watt  lamp  is  recommended  in- 
stead of  the  250-watt. 

In  order  that  some  tangible  idea  may  be  formed  of  the  rela- 
tive values  of  the  systems  here  considered,  such  systems  are 
compared  one  with  another,  using  Scheme  No.  1.  as  represent- 
ing 100  per  cent,  efficiency.  These  values  indicate  approxi- 
mately the  relative  per  cent,  of  illumination  produced  on  the 
goods  for  equal  consumption  of  electricity. 

Table  III. — Efficiency  of  Arrangements. 

Per  cent. 

Clear  prismatic  reflectors 100 

Satin -finished  prismatic  reflectors >  •     85 

Prismatic  reflector-balls 55 

Light  ground  glass  balls  with  prismatic  reflector  inside-  •  •     40 

Light  ground  glass  balls  without  reflectors 30 

Yellow  orange  tinted  balls   25 

Note: — The  aforementioned  figures  are  approximate  values. 
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The  quality  or  character  {color)  of  illumination  for  use  in 
various  departments: — It  is  a  well  known  fact  that  goods  which 
are  shown  off  to  advantage  under  an  illuminant  having  a  certain 
color  value,  appear  quite  different  when  displayed  under  another 
form  of  source  possessing  a  different  color.  In  a  store 
where  goods  of  so  many  different  natures  are  shown,  it 
would  appear  that  the  color  of  light  employed,  in  the  various 
departments,  should  be  of  a  nature  to  show  the  goods  to  the 
best  possible  advantage.  As  an  illustration, — cut  glass  would 
appear  very  dull  under  an  illumination  produced  by  an  opal 
globe,  while  illuminated  with  the  direct  rays  of  a  tungsten 
lamp  it  would  sparkle,  giving  off  prismatic  effects  which  would 
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Fig.  27.— Sixth  floor,  rug  department. 

materially  enhance  its  beauty.  In  showing  off  delicate  silks, 
such  as  ribbons,  etc.,  it  is  highly  important  that  conditions  ap- 
proach daylight  as  near  as  possible,  so  that  the  delicate  shades 
may  be  matched  and  shown  off  as  they  would  actually  appear  in 
daylight  provided  they  are  to  be  used  by  day.  Inasmuch,  how- 
ever, as  such  material  is,  for  the  most  part,  worn  in  the  even- 
ing, under  artificial  lighting,  it  would  appear  to  be  a  mistake 
to  purchase  goods  under  daylight  conditions,  without  being  able 
to  appreciate  how  such  fabrics  would  appear  when  actually 
used.  It  is  the  personal  opinions  of  the  writers  that  it  is  well 
to  provide  a  place,  easily  accessible,  where  artificial  light,  ap- 
proaching daylight,  is  available  for  color  matching,  etc.  This, 
then,  would  permit  the  general  use  of  illuminants  comparable 
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in  color  with  those  employed  in  the  homes,  hotels,  theatres, 
etc.,  where  the  material  generally  would  be  used.  In  the  cloth- 
ing departments  of  many  stores,  it  is  ofttimes  a  difficult  matter 
to  distinguish  blues  and  dark  greens  from  blacks,  etc.,  which 
is  a  most  undesirable  condition  of  affairs.  In  the  carpet  de- 
partment, the  yellow  and  red  rays  are  probably  the  most  effec- 
tive; and  so  it  goes  throughout  the  entire  store.  Inasmuch  as 
appearance  is  of  considerable  importance  it  is  undesirable  to  use 
a  number  of  different  kinds  of  illuminants  and  accessories ;  be- 
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Fig.  28.  — Section  plan  of  fifth  floor,  (kitch-  Fig.  29.— Section  plan  of  fifth  floor,  (house- 
en  utensils),  showing  location  of  furniture,  hold  furnishings),  showing  location  of  fur- 
pillars,  lighting  units,  test  stations  and  il-  niture,  pillars,  lighting  units,  test  stations 
lumination  data.  and  illumination  data. 

sides  carrying  accessories  for  such  diversified  equipment  would 
increase  maintenance  costs. 

To  a  degree  various  colors  may  be  obtained  from  tungsten 
lamps.  Better  results  are  obtained  with  open  reflectors  than 
from  enclosing  mediums  unless  such  mediums  be  of  clear  glass. 
Such  color  differences  may  be  had  if  lamps  of  different  voltages 
are  employed.  In  explanation  of  color  variation  it  may 
be  said  that  a  tungsten  lamp,  say  of  the  250-watt  type, 
may  be  operated  at  what  is  termed  top  voltage,  middle 
voltage  and  bottom  voltage.  If  burned  at  middle  voltage, — 
standard  tungsten  lamp  light  quality,  or  color,  will  be  obtained. 
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Fig.  30.  — Section  plan  of  sixth  floor,  (rug 
department),  showing  location  of  furniture, 
pillars,  lighting  units,  test  stations  and  il- 
lumination data.  . 


Fig.  31.— lighting  unit  used  in  basement 
mezzanine,  fifth  and  sixth  floors. 
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Fig.  32.— Photometric  curve  of  satin-fin- 
ished prismatic  reflector  with  150-watt  bowl- 
frosted  lamp. 
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F>&-  33-—  Photometric  curve  of  satin-fin- 
ished prismatic  reflector  with  100- watt  bowl- 
frosted  lamp. 
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If  burned  at  top  voltage  a  whiter  light  will  be  the  result  with 
20  per  cent,  loss  in  life,  while  if  burned  at  bottom  voltage  a 
light  richer  in  yellow  and  red  rays  will  be  obtained  and  the  life 
will  be  increased  by  about  23  per  cent.  Table  IV  shows  the 
effects  of  the  three  voltages  on  tungsten  lamp  ruled  at  25,  40, 
50,  100,   150  and  250  watts. 

Table  IV.— Performance  oe  Tungsten  Lamps  at  Top  Middle  and 

Bottom  Voltage. 
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Fig.  34.—  Sixth  floor,  art  gallery  showing  oil  paintings. 


Window  Lighting. — Unquestionably    the    most    efficient    and 
economic  manner  of  lighting  windows  is  through  the  medium  of 
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lamps  equipped  with  individual  reflectors,  inasmuch  as  by  the  use 
of  scientifically-designed  reflectors,  the  greatest  percentage  of 
light  flux  emanating  from  a  bare  lamp  is  re-directed  in  the  most 
useful  directions,  whereas  if  a  so-called  trough  reflector  is  used, 
and  the  lamps  are  not  individually  treated,  the  reflection  be- 
comes more  general  and  less  specific.  Individual  reflectors  should 
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Fig-  35-— Section  plan  of  sixth  floor,  (art  gallery),  showing  location  of  furniture, 
pillars,  lighting  units,  test  stations  and  illumination  data. 


be  used  in  windows  for  the  same  general  reasons  that  single 
lamps  should  be  used  inside  of  spheres,  because  where  two  or 
more  lamps  are  used  under  a  reflector,  a  portion  of  light  rays 
emanating  from  one  lamp  is  intercepted  by  the  other  lamp  and 
is  thereby,  to  a  measure,  wasted.  The  individual  steel  reflector 
should  be  placed  at  the  angle  formed  by  the  ceiling  and  front 
glass,  a  valance  suspended  from  the  ceiling,  between  reflectors 
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and  plate  glass  window,  will  hide  the  lighting  equipment,  there- 
by making  the  windows  more  pleasing. 

Elevators. — It  is  highly  important  that  sufficient  illumination 
be  provided  on  floors  of  elevators  so  that  passengers  can  readily 
see  the  position  of  the  elevator  floor  when  entering  or  leaving 
the  car,  thus  considerably  eliminating  causes  for  accidents.  In 
order  that  an  illuminating  unit  could  be  suggested  for  the  ele- 
vators, which  would  harmonize  with  their  design,  and  at  the 
same  time  produce  the  necessary  illumination  on  the  floor,  furth- 
er data  would  have  to.  be  supplied.  Too  much  stress  cannot  be 
laid  upon  the  necessity  of  giving  thought  to  this  phase  of  the 
lighting  installation.     This  is  a  detail  that  in  a  great  number  of 


Fig.  36.— Fifth  floor,  cut  glass  department. 

buildings  is  almost  entirely  overlooked,  with  the  result  that  the 
lighting  units  which  are  suggested  are  woefully  inadequate. 

General  Notes. — It  is  respectfully  suggested  that,  in  deciding 
on  the  lighting  installation  for  this  establishment,  the  advances 
which  have  been  made  in  the  art  and  science  of  illuminating 
engineering  during  the  last  few  years  be  considered  so  that  such 
development  may  be  employed  advantageously  in  this  store. 
Numerous  lighting  equipments  installed  in  stores  have  been  de- 
signed with  only  a  few  hit  or  miss  ideas  of  their  illuminating 
value,  and  it  is  hardly  necessary  to  state  that  a  number  of  these 
installations,  proving  inadequate,  have  been  discontinued  and  more 
modern  arrangements  installed  in  their  place,  in  some  instances 
at  a  cost  of  many  thousand  of  dollars. 
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After  the  aforementioned  recommendations  had  been  made, 
it  was  learned  that  the  contract  for  the  lighting  fixtures  had 
already  been  let.  The  fixture  manufacturers,  being  approached 
by  the  owners  to  see  if  some  changes  could  not  be  affected  along 
lines  suggested  by  the  authors,  very  kindly  agreed  to  do  all 
in  their  power  to  obtain  the  desired  results.  Inasmuch,  how- 
ever, as  arrangements  had  already  been  made  for  a  considerable 
part  of  the  lighting  equipment  it  was  impossible  to  carry  out 
the   suggestions   wholly.     The   changes   made   were  the   use   of 
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Fig.  38.— Section  plan  of  seventh  floor, 
(furniture  department),  showing  location  of 
furniture,  pillars,  lighting  units,  test  sta- 
tions and  illumination  data. 


Fig-  39.— Section  plan  of  eighth  floor, 
(main  restaurant),  showing  location  of 
furniture,  pillars,  lighting  units,  test  sta- 
tions and  illumination  data. 


lightly-ground  glass  14-in.  balls  with  single  units  on  the  first 
floor,  instead  of  the  yellow  orange  tinted  glass-ball  with  three 
lamps,  as  suggested  by  the  engineer;  the  use  of  10-in.  ground 
glass-balls,  instead  of  the  tinted  sphere  in  the  basement,  main 
floor  under  balcony,  main  floor  mezzanine ;  second,  third, 
floor  as  suggested  by  the  engineer;  the  use  of   io-in.   ground 
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glass-balls  instead  of  the  tinted  sphere  in  the  basement,  main 
floor  under  balcony,  main  floor  mezzanine;  second,  third, 
eighth  floors ;  the  use  of  opal  reflectors  in  basement,  under  bal- 
cony, fourth  and  seventh  floors ;  prismatic  reflectors  in  base- 
ment mezzanine ;  fifth  and  sixth  floors,  with  individual  steel  re- 
flectors in  the  art  galleries  and  display  windows. 

SUPPLY    OP    ENERGY. 

For  supplying  energy  for  the  large  connected  lamp  and  motor 
load  in  the  building,  the  rating  of  which  aggregates   approxi- 


Fig.  40. — Eighth  floor,  main  restaurant. 

mately  10,000  hp.,  the  New  York  Edison  Company  erected  a 
substation  in  the  sub-basement.  The  equipment  installed  con- 
sists of  seven  1,000-kw.  rotary  converters  with  the  necessary 
step-down  transformers  and  high-tension  switches.  Three- 
phase,  25-cycle  alternating  current,  at  a  tension  of  6,600  volts, 
is  brought  under-ground  from  the  Waterside  stations,  and  this 
is  converted  to  direct  current  at  a  potential  of  240  volts  for  the 
three-wire  system  in  the  building.  A  direct-current  switch- 
board located  in  the  sub-basement  is  joined  with  the  building 
distribution  board  by  heavy  tie  connections.  In  addition  there 
are  several  1,000,000-circ.  mil  concentric  cables  for  connection 
with  the  Edison  distribution  mains,  so  that  in  case  of  trouble 
with  the  substation  apparatus  these  feeders  will  supply  energy 
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from  the  street  service  to  the  building,  thus  ensuring  continuity 
of  service  under  all  conditions.  Aside  from  taking  care  of  the 
lighting  load,  the  Edison  service  is  also  used  for  thirty-six  pas- 
sage elevators  and  ten   freight  elevators. 


ILLUMINATION  TESTS. 

After  the  opening  of  the  Gimbel  store,  the  New  York  Edison 
Company  authorized  the  Electrical  Testing  Laboratories  of  New 
York,  to  conduct  illumination  and  other  tests  in  this  building, 
in  order  to  arrive  at  a  knowledge  of  the  results  which  were 
actually  being  obtained.  These  tests,  which  were  conducted  during 
a  period  of  several  weeks,  were  made  under  the    immediate    super- 


Fig.  41. — Eighth  floor,  auditorium. 

vision  and  direction  of  the  authors.  Tests  were  made  in  various 
parts  of  the  store,  each  test  station  being  represented  by  a  plan  or 
elevation.  Upon  these  diagrams,  test  stations  have  been  indicated 
and  the  illumination  at  each  station  has  been  shown  in  foot- 
candles  ;  with  a  few  exceptions,  there  is  a  diagram  for  each 
area.  Measurements  were  made  in  horizontal  and  vertical 
planes  as  directed.  The  test  stations  were  located  with  a  view  of 
securing  the  most  typical  and  most  useful  values,  rather  than  with 
a  view  of  determining  the  total  flux  on  any  given  plane  through 
measurements  at  equally  spaced  stations.  In  all  test  areas  except  as 
noted,  the  lighting  was  provided  by  means  of  tungsten  lamps; 
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various  kinds  of  glassware  were  employed;  the  voltage  at  which 
the  lamps  were  operating  during  the  tests  was  determined  by 
means  of  photometric  measurements  at  the  sockets.     To  facili- 
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Fig.  42.— Section  plan  of  eighth  floor,  (auditorium),  showing  location  of  furniture, 
pillars,  lighting  units,  test  stations  and  illumination  data. 

tate  comparisons  among  the  various  tests,  all  values  of  candle- 
power  and  foot-candles  have  been  corrected  for  variation  from 
120  volts  at  the  lamp  socket.     The  lamps  and  glassware  were 
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Special 


Presence  of  pur- 
chaser at  counter 
found  to  reduce 
intensity  by  about 
25  per  cent. 

Four  stations  33  in. 

Three  stations40  in. 
(Height,  j 


Old  lamps. 
New  lamps. 

(Onesettingouly.) 


Opal  reflectors  over 
second  floor  land- 
ing. Ground  glass 
shades  on  wall 
brackets. 
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tested  as  found,  except  that  in  some  instances,  as  noted,  dust 
which  had  accumulated  was  removed,  and  a  repeated  test  was 
made  to  determine  the  change. 

Six  sample  lamps  from  each  test  were  removed  to  the  laboratories 
for  rating  test  at  120  volts.  Sample  of  each  kind  of  glassware  in- 
volved in  the  tests  were  also  brought  to  the  laboratories  and 
there  tested  with  a  typical  lamp  of  the  type  employed,  for  dis- 
tribution of  lig:ht.     The  information  thus  obtained  from  labora- 


N 

^KZA         E2 

'Z2         EZMK^KTl 

D 
DD 

1.19 

0 

&        ° 

▼  9.  • 

•          ®    m*3      O 

*=■<-        #4     2.04- 

O          ■          * 

D 

0 

0            0 

s 

O  Ceilir 

cj  Lamps. 

• 

Phot 

ometer  Stations. 

H 

eight 

of  ceiling   I2'4" 

1* 

M  Lamps  H'O" 

o 


o  w    o 


o 


o 


o 


o 


O   Ceiling    Lamps. 
•    Photometer  Stations. 
Height   of  ceiling    9[  3 
M       *•    Lamps      8    5 


Fig.  43.— Section  plan  of  eighth  floor,  Fig.44.— Section planof basement,  (china 
(smoking  room),  showing  location  of  furni-  department),  showing  location  of  furni- 
ture, pillars,  lighting  units,  test  stations  ture,  pillars,  lighting  units,  test  stations 
and  illumination  data.  and  illumination  data. 


tory  tests  appears  with  the  test  data  obtained  in  the  store,  in 
Table  V  which  presents  information  on  the  following  points : 
Location  of  test  area;  brief  description  of  lighting  installa- 
tion; total  lumens  of  the  lamp  alone  assumed  from  manufac- 
turer's rating  when  new,  and  as  measured  at  120  volts  immed- 
iately after  the  illumination  tests ;  lumens  produced  by  the  light 
source   and   auxiliary   within   various   indicated   zones,   both   as 
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assumed  for  a  new  lamp  and  as  measured  at  120  volts  im- 
mediately after  test;  height  of  reference  plane  in  all  measure- 
ments of  horizontal  illuminations,  and  data  on  horizontal  illumina- 
tion. 

Wherever  test  stations  are  so  located  or  the  distribution  is  so 
uniform  that  the  numerical  average  of  all  is  thought  to  yield 
a  fairly  representative  value,  an  average  of  all  test  station  val- 
ues is  shown.  These  values,  however,  do  not  purport  to  be  true 
mean  foot-candles  for  the  test  area.  In  each  case  the  range 
in  intensity  is  indicated  by  the  minimum  and  maximum  found. 


Fig  45.— Fourth  floor,  toy  department. 

It  is  practice  on  the  main  floor  to  operate  only  about  half  of 
the  lamps ;  hence  the  additional  values  shown. 

NOTES    ON    TEST    AREAS. 

Chinaware — Basement. — White  ceiling,  white  pillars,  light 
wood  floor,  mahogany  counters.      (Fig.  44.) 

Arotions — Basement. — White  ceiling,  white  pillars,  light  wood 
floor,  mahogany  cases.      (Fig.  49.) 

Dairy  Lunch  Room  p — Basement. — White  ceiling,  white  pil- 
lars, light  wood  floor,  mahogany  counters.  Tests  stations  in 
space  between  counters.      (Fig.  48.) 

Ladies'  Untrimmed  Hats — Main  Floor. — White  ceiling,  white 
pillars,  light  wood  floor,  general  tone  of  display,  dark.      (Fig.  5.) 

Manicuring  Parlors — Mezzanine  Main  Poor. — White  ceiling, 
white  pillars,  dark  green  carpet,  mahogany  tables  and  partition ; 
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16  c-p.  carbon  lamps  with  metal  reflectors  on  each  table ;  il- 
lumination intensity  measured  at  edges  of  manicuring  tables. 
(Fig.  ii.) 

Corridor  between  Hair  Dressing  Parlors — Mezzanine  Main 
Floor. — White  ceiling,  mirrored  pillars,  dark  green  carpet,  ma- 
hogany partition. 

General  Merchandise — Main  Floor. — White  ceiling,  white  pil- 
lars, light  wood  floor,  mahogany  cases.     (Fig-  2.) 

Infants  Wear — Second  Floor. — White  ceiling,  white  pillars, 
dark  green  carpet,  mahogany  cases ;  light  materials  displayed. 
1  Fig.    12.) 


Fig.  46.— Basement  mezzanine,  dairy  lunch. 

Shoe  Department — Second  Floor. — AYhite  ceiling,  dark  green 
carpet,  mahogany  furniture  and  shelves,  light  gray  shoe  boxes. 
(Fig.   I3-) 

Ladies  Reception  Room — Third  Floor. — White  ceiling,  white 
pillars,  dark  green  carpet,  mahogany  and  green  wicker  furniture. 
(Fig.  14-  I 

Ladies  Cloaks  and  Suits — Third  Floor. — White  ceiling,  mir- 
rored pillars  and  doors,  dark  green  carpet,  mahogany  partitions 
and  cases.     (Fig.   18.) 

Gentlemen's  Hats — Fourth  Floor. — White  ceiling,  white  pil- 
lars, light  wood  floor,  dark  cases :  dark  materials  displayed. 
(Fig.  21.) 
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Packing  Room — Fourth  Floor. — White  ceiling,  white  pillars, 
light  wood  floor  and  benches.     (Fig.  20.) 

Kitchen  Utensils — Fifth  Floor. — White  ceiling,  white  pillars, 
light  wood  floor,  white  tablecloths  on  mahogany  tables,  copper, 
brass   and  nickel  ware   displayed.      (Fig.   28.) 

Rugs — Sixth  Floor. — White  ceiling,  white  pillars  covered  with 
rugs ;  floor  covered  with  rugs  generally,  but  cleared  locally. 
(Fig.  30.) 

Furniture — Seventh  Floor. — White  ceiling,  white  pillars,  dark 
green  carpet  in  center  aisle,  light  wood  floor  on  either  side, 
furniture   chiefly   mahogany   and    black    walnut.      (Fig.    38.) 


Fig.  47. — Basement  in  well. 

Auditorium — Eighth  Floor. — White  ceiling,  buff  pillars,  dark 
green  carpet  in  center  aisle,  mahogany  stained,  chairs,  light  wood 
floor.     Second  test  similar,  except  chairs  removed.     (Fig.  42.) 

Smoking-room — Eighth  Floor. — Gray  ceiling,  black  walnut 
finished  pillars,  decorations  in  gold,  mahogany  furniture,  white 
table-cloths  on  tables,  white  tiled  floors.      (Fig.  43.) 

Restaurant — Main  Room — Eighth  Floor. — Gray  ceiling,  ma- 
hogany and  gilt  pillars,  mahogany  furniture,  dark  blue  carpet. 
The  second  test  differs  from  the  first  in  that  the  lamps  were 
replaced  by  new  lamps,  all  of  the  60-watt  size.      (Fig.  39.) 

Alain  Sixth  Avenue  Entrance. — White  ceiling,  brown  linoleum 
floor,  local  illumination  augmented  by  that  due  to  lamps  in  win- 
dows  and  interior,    (half  lamps  burning).      (Fig.   53.) 
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TAI!I,K    VI.    -VERTICAL    ILLUMINATION. 


Foot-candles— Verticlc  plane.     Height  of  test  stations 


Lighting  installatli 


Depart-  Ceiling  Light 

ment  height  source  Auxiliary 

Gentlemen's  20  ft.  250  watt                   14-in. 

neckwear  bowl  frst.                 ground 
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ad White 
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bowl  frst. 


13  ft. 
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clear 


10-111. 
ground 
glass 
ball 
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Prismatic         1 1  ft.  3  in.  0.3 
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room 


14  ft. 
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TESTS  OF  VERTICAL  ILLUMINATION. 

Table  VI  shows  results  of  illumination  tests  in  departments 
where  intensity  of  illumination  on  the  vertical  plane  was  con- 
sidered to  be  most  indicative  of  the  useful  illumination.  These 
measurements  were  made  at  various  heighths  above  the  floor,  as 
required,  in  consideration  of  the  objects  to  be  accomplished 
in  the  various  departments.  Only  minimum  values  are  given 
in  the  summary. 

In   the  installations   where  alternate  rows  of   lamps   are  ex- 


& 


N-1 


[4 


s\ 


Sir, 


nrl 


*7.  6.  4 


\ 


w 


;o 


N 


O  Ceiling    Lamps. 
•   Photometer  Stations. 
Height  of  ceiling     9  ' 
' '      "  Lamps    8' 2" 


•1 


W 


G 


HTvi 


o       ^®         o 

2.8* 


o 


'€ 


'1+ 


Z.OS 


#. 


H 


O       "*®  O- "       o 


O  Ceiling  Lamps. 
•  Photometer  Stations- 
Height    of  ceilina  fcl'IO' 
">        •»    Lamps  I7'2' 


Fig.  48.— Section  plan  of  basement  mez- 
zanine, (dairy  lunch),  showing  location  of 
furniture,  pillars,  lighting  units,  test  sta- 
tions and  illumination  data. 


Fig.  49.— Section  plan  of  basement  in 
well,  (notion  department),  showing  loca- 
tion of  furniture,  pillars,  lighting  units, 
test  stations  and  illumination  data. 


tinguished,  as  noted  below,  the  illumination  is,  of  course,  much 
reduced.  When  the  row  of  extinguished  lamps  is  parallel  with 
the  plane  of  reference,  there  is  relatively  small  influence  upon 
the  uniformity.  This  applies  to  the  neckwear  and  white  goods 
departments. 

When  the  row  of  extinguished  lamps  is  transverse  with  re- 
spect to  the  plane  of  reference,  the  uniformity  is  affected  un- 
favorably. Such  instances  are  found  in  the  book  and  kitchen 
utensil  departments. 
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NOTES    ON    TEST    AREAS. 

Gentlemen's  Neckzvear — Main  Floor. — Half  general  illumina- 
tion throughout  floor ;  row  of  lamps  over  counter  extinguished. 

(Fig-  37-) 

White  Goods — Second  Floor. — Half  general  illumination 
throughout  floor;   row   of   lamps  over  counter   in  use. 

Books — Fourth  Floor. — Half  general  illumination  throughout 
floor;  alternate  rows  of  lamps  in  use. 

Kitchen  Utensils — Fifth  Floor. — Half  general  illumination 
throughout  floor;  alternate  rows  of  lamps  burning.      (Fig.  28.) 


Fig.  50.— First  floor,  main  entrance. 


SHOW     WINDOW    ILLUMINATION.. 


Window  No.  21  was  selected  for  test  purposes.  The  ceiling 
is  10  ft.  8  in.  above  the  bottom  of  the  show-case,  and  the 
lighting  is  by  60-watt  clear  tungsten  lamps  with  30-degrees  steel 
reflectors.     The  results  of  the  test  are  indicated  in  Table  VII. 


TABLE  VII.—  Show  Window  Illumination 


Test  plane 
above  floor 


Horizontal 


Feet                          Min.  Max. 

Level 10.7  15.0 

2 15-4  16.7 

4 15-5  18.7 

6 13.8  19.2 


Foot-eandles 
Normal 


Min. 

16.3 

17.8 
23.2 


14.9 

17.1 
17.4 
24.0 


Vertical 


Min.  Max. 

4-3  6.7 

8.0  8.1 

13.0  13.6 

17-8  19.5 
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TEST  OE  LIGHT  ABSORPTION  DUE  TO  DUST. 

Certain  casual  tests  were  made  to  determine  the  extent  of 
the  improvement  effected  by  cleaning  the  lamps.  These  are 
barely  more  than   suggestive,  as  only  one  test   station  was  in- 


O    Ceiling  Lamp 

x     Bracket    »« 
•   Photometer    Stations. 

Height  of  ceiling         14-'  2  " 
M      "      ••      Lamp  134" 
•'       "  BracKet    Lamp5'6" 


F'g-  51—  Section  plan  showing  typical 
stairway,  showing  location  of  lighting 
units,  test  stations  and  illumination  data. 


Fig. 


-Steel  reflector  used  in  window 
on  street  level. 
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F'g-  53-— Section  plan  of  first  floor,  (main 
entrance),  showing  location  of  lighting 
units,  test  stations  and  illumination  data. 


vestigated  in  each  department  before  and  after  cleaning  the 
lamps  and  the  glassware.  The  results  of  these  tests  appear  in 
Table  No.  8.     In  addition  to  these  simple  tests,  the  effect  of  re- 
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placing  the  lamps  with  new  lamps  in  two  of  the  installation  was 
determined. 

It  is  interesting  to  note  the  effect  of  dust  on  ground  glass 
balls  opal  and  prismatic  reflectors.  With  the  14-in.  ground  glass 
ball  the  depreciation,  in  useful  illumination,  due  to  the  accumu- 
lation of  dust,  is  approximately  16  per  cent.  While  it  was  not 
convenient  to  obtain  data  on  the  10-in.  ground  glass  ball  of  a 
similar  nature,   it  is   reasonable  to  assume  that  the  loss  is  ap- 


Fig.  54. — Show  window  lighting. 

proximately  the  same.  With  the  opal  reflector  the  loss  was 
found  to  be  approximately  11  per  cent.,  while  with  the  prismatic 
reflectors,  the  loss  was  approximately  6  per  cent. 

A  further  analysis  of  Table  VIII  shows  that  for  equal  wattage 
the  satin-finished,  prismatic  reflector  gives  approximately  14  per 
cent,  greater  useful  illumination  that  the  opal  reflector,  and  that 
for  equal  illumination  the  satin-finished,  prismatic  reflector  gives 
approximately  twice  the  useful  illumination  as  that  obtained 
from   tungsten    lamps    enclosed    in    light    ground-glass    spheres. 


SPECIFIC   INTENSITY  OF   SURFACES. 

Certain  tests  of  specific  intensity  of  ceiling,  and  in  one  case 
of  shelves,  were  made.     The  portion  of  ceiling  investigated  was 
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Table  IX.  —Surface  Intensities. 

Specific 

ntensitv 

Floor 

Department 

C-p.  pe 

r  sq. in. 

Remarks 

M 

mimum 

Maximum 

Eighth 

Smoking-room 

Ceiling 

0.0015 

O.O041 

Eighth 

Auditorium 

Ceiling 

O.OOI2 

0.0037 

(Normal  condition) 

Eighth 

Auditorium 

Ceiling 

O.0021 

0.0045 

(Chairs  removed) 

Sixth 

Rug 

Ceiling 

O.OO34 

0.0067 

Second 

Shoe 

Ceiling 

0.0042 

0.0056 

Gray  boxes 

Second 

Shoe 

on  shelves 

O.OO38 

0.0086 

that  immediately  over  a  test  station  selected  for  the  illumination 
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O  Over-head    Lamps. 
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Fig.  56.  —  Sectiou  plan  showing  elevator 
No.  41  with  location  of  lighting  units,  test 
stations  and  illumination  data. 


Fig.  57. — Plan  showing  end  view  of  cases. 


tests.  In  the  shoe  department,  in  addition  to  measurements  of 
the  brightness  of  the  ceiling,  measurements  were  made  of  the 
specific  intensity  of  gray  shoe  boxes  on  the  shelves.  These 
were  viewed  normally.  The  results  of  these  tests  appear  in 
Table  IX. 

In  addition  to  these  measurements  of  specific  intensity,  simi- 
lar determinations  were  made  on  the  main  floor.  These  appear 
in  Table  X,  where  the  values  of  candle-power  per  square  inch 
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Table  X.— Specific  Intensity — Main  Floor. 

Surface                                    Angle  of  View  C-p.  Per  Sq.  In. 

Ceiling                                  Vertical  0.013 

Pillars                                  20  to  35  degrees  above  0.010 

horizontal 

Distant  elevator  doors     Horizontal  0.0016 

and  metal  trimmings 

Merchandise  displayed     About  30  degrees  below  0.0024  (without  case 

in  cases                             horizontal  lamps) 

Merchandise  displayed     About  30  degrees  below  0.0088  (With  case 

in  cases                             horizontal  lamps) 

Aisle  floor                            Vertical  0.0051 


Side   Elevation . 
Cross    sect/on  a*  A-A . 


Part  Plan  of  Sidewalk.  A\ 

Cross      section    at  B~B . 


O  Shed    Lamps. 
•    Photometer  Stations. 
Height    of  Shed      I3'«T'. 
"       "   Lamps   II' 6". 


Fig.  58. — Showing  plans  and  elevation  of  outside  of  shipping  department. 

are  means  of  a  few  random  measurements  of  the  surfaces  indi- 
cated. 

As  indicated  in  Table  X,  the  ceiling  and  pillars  of  the  main 
floor  in  particular  and  of  other  floors  in  general,  are  bright. 
On  the  main  floor  this  is  due  first,  to  the  fact  that  the  finish 
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is  of  high  light-reflecting  power,  and  second,  to  the  fact  that 
in  most  cases  the  light  sources  diffuse  the  light  rather  generally 
and  do  but  little  in  the  way  of  directing  it  downward.  The  view 
of  a  shopper  or  employee,  when  not  directed  toward  some  arti- 
cle of  merchandise,  is  likely  to  embrace  a  larger  area  of  the 
bright  ceiling  and  wall  than  of  the  darker  finished  cases,  shelves 
and  merchandise.  This  introduces  a  condition  of  glare  which 
it  was  anticipated  might  have  the  three  effects  of  reducing  the 
ability  to  see,  distracting  the  attention  from  merchandise  and 
causing  eye  fatigue.  The  last  factors  too  are  difficult  to  deter- 
mine and  no  efforts  were  made  to  investigate  them.  Tests  were 
made  to  determine  the  effect  upon  visual  power,  and  so  far  as 
thev   were   carried   out,   indicated   no  very   material   deleterious 
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Fig.  59.  —  Photometric  curve  of  10-in. 
ground  glass-ball  with  60-watt  bowl-frosted 
tungsten  lamp. 


Fig.  60.— Photometric  curve  of  10-in. 
ground  glass-ball  with  60-watt  clear  bulb 
tungsten  lamp. 


effect.  It  is  recognized  that  attempts  at  such  determinations 
are  likely  to  be  involved  in  difficulty  because  of  the  many  un- 
certain elements  which  enter  into  the  problem;  hence  it  is  not 
asserted  that  there  is  no  reduction  in  ability  to  see,  due  to  the 
glare  from  the  bright  ceiling  and  pillars.  It  is  merely  stated 
that  efforts  to  detect  and  measure  such  effect  were  unsuccess- 
ful. 

The  authors  have  yet  to  investigate  certain  experimental  equip- 
ment designed  with  a  view  of  eliminating  undesirable  effects, 
as,  for  instance,  the  large  brightly  illuminated  white  areas  of 
ceilings  and  pillars.  They  had  hoped  to  have  incorporated  some 
of  their  findings  on  the  visualizing  efficiency  of  the  installa- 
tion in  this  paper,  but  as  the  experimental  work  involved  not 
only  photometry  and  illuminometry,  but  a  study  of  the  physio- 
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logical  and  psychological  phases  as  well,  the  work  has  assumed 
such   proportions  that  they  have   been  unable   to   satisfy   their 


Fig.  61.  —  Exterior  view  of  the  store  showing  Christmas  lighting. 


desires  at  this  time.  It  is  hoped  that,  in  a  subsequent  paper, 
this  very  important  phase  of  lighting,  as  related  to  stores,  will 
be  treated. 

The  authors  take  this   means  of  heartily  thanking,   for  their 
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greatly  appreciated  co-operation  which  has  been  of  material  as- 
sistance in  the  formation  of  this  work,  Messrs.  Gimbel  Broth- 
ers, the  New  York  Edison  Company  and  the  Electrical  Testing 
Laboratories. 

DISCUSSION. 

Mr.  P.  S.  Millar: — The  paper  is  essentially  a  description  of 
the  lighting-  installation  of  the  Gimbel  store,  and  a  recounting 
of  tests  made  of  the  lighting  as  it  stand>.  So  definite  and  specific 
is  the  description  that  there  was  needed  only  the  opportunity 
which  was  afforded  to  observe  the  lighting  effects  to  make  it 
complete.  Any  description  of  this  character  must  deal  largely 
with  facts  rather  than  with  opinions.  That  being  the  case,  the 
paper  does  not  provoke  the  spontaneous  criticism  and  discussion 
that  takes  place  when  the  papers  deal  almost  exclusively  with 
matters  of  opinion.  With  a  perspicacity  which  is  at  the  same 
time  commendable  and  regrettable,  the  authors  have  very  care- 
fullv  refrained  from  expressing  opinion  of  the  lighting  effects 
which  have  been  obtained  in  the  building. 

This  is  one  of  the  few  well  lighted  department  stores  in  this 
country.  The  quantity  of  light  is  ample,  perhaps  in  some  cases 
excessive.  The  quality  of  the  light  is  as  good,  probably,  as 
could  have  been  obtained,  when  one  is  committed  to  the  policy  of 
using  only  one  type  of  illuminant  in  the  store.  It  is  at  this  point 
that  T  hesitated  in  reading  the  paper.  The  requirements  of 
lighting  in  a  department  store  are  so  diversified  that  it  would 
appear  desirable  to  utilize  several  of  the  many  different  kinds  of 
electric   illuminants  which   are   available. 

The  authors  of  the  paper  have  pointed  out  that  at  least  one 
room  in  the  store  should  be  equipped  to  furnish  an  equivalent 
of  daylight.  It  seems  to  me  we  may  go  further  and  say  that  a 
number  of  rooms  in  a  department  store  should  have  available 
such  lighting  effects.  They  should  be  equipped  with  alternative 
lighting  systems,  so  that  one  may  duplicate  either  daylight,  or 
average  artificial  light.  Many  of  the  goods  purchased  in  a 
store  must  be  used  in  the  daytime  as  well  as  in  the  night  time — 
hence  the  desirability  of   such   an   arrangement. 

In   the  paper  it   i-   stated  that  the  ceiling  and   pillars   of  the 
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main  floor  in  particular  and  of  other  floors  in  general  are  bright. 
"On  the  main  floor  this  is  due  first,  to  the  fact  that  the  finish  is 
of  high  light-reflecting  power,  and  second,  to  the  fact  that  in 
most  cases  the  light  sources  diffuse  the  light  rather  generally 
and  do  but  little  in  the  way  of  directing  it  downward.  The  view 
of  a  shopper  or  employe,  when  not  directed  towards  some  arti- 
cle of  merchandise,  is  likely  to  embrace  a  larger  area  of  the 
bright  ceiling  and  wall  than  of  the  darker  finished  cases, 
shelves  and  merchandise.  This  introduces  a  condition  of  glare 
which  it  was  anticipated  might  have  the  three  effects  of  reducing 
the  ability  to  see,  distracting  the  attention  from  merchandise  and 
causing  eye  fatigue." 

That  seems  to  me  to  be  the  important  point  in  connection 
with  the  lighting  of  this  store,  which  should  be  considered  care- 
fully. Sometimes  in  a  theatre,  particularly  a  vaudeville  theatre, 
in  order  to  permit  a  quick  transformation  to  be  made  on  the 
stage  without  lowering  the  curtain,  some  lamps  around  the  front 
of  the  stage,  with  reflectors  behind  them,  are  lighted,  and  the 
glare  from  these  lamps  is  thrown  into  the  eyes  of  the  persons  in 
the  audience.  The  effect  is  that  the  stage  seems  to  be  in  dark- 
ness. That  is  the  most  extreme  condition  of  glare  which  one 
is  likely  to  experience  anywhere. 

Whether  or  not  a  lighting  system  is  successful,  depends  on 
the  object-  for  which  it  is  installed.  That  is,  the  installation  of 
lamps  along  the  front  of  the  stage  in  a  theatre  for  the  purpose  of 
blinding  the  audience,  is  successful,  because  that  is  what  it  is 
put  there  for,  but  as  a  general  system  of  lighting  it  is  execrable. 
Whether  or  not  the  lighting  of  the  first  floor  of  the  Gimbel  store 
is  successful  depends  on  the  object  for  which  it  was  installed.  If 
it  was  installed  for  the  purpose  of  giving  the  effect  of  a 
brilliantly-lighted  room,  it  is  successful.  If  the  lighting  system 
was  installed  with  the  view  of  bringing  out  the  beauties  of  the 
articles  to  be  displayed,  and  revealing  the  details  of  these  arti- 
cles, attracting  the  attention  of  purchasers  as  much  as  possible 
to  the  merchandise,  then  in  my  opinion  it  is  not  successful,  and 
needs  modification. 

Mr.  J.  S.  Codman  : — Generally  speaking,  it  seems  to  me  that 
the  lighting  of  the  store  is  extremely  good,  but  I  am  inclined  to 
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agree  with  Mr.  Millar  that  in  some  cases  the  lighting  is  excessive. 

There  is  rather  more  glare  in  the  installation  than  is  desirable. 
I  do  not  feel  sure  by  any  means  that  it  is  on  account  of  the  light 
reflected  from  the  ceiling.  For  example,  in  the  auditorium,  the 
ceiling  does  not  seem  to  be  bright,  but  the  impression,  upon 
entering  the  store  from  the  street,  was  decidedly  one  of  glare, 
and  I  think  that  this  is  principally  due  to  the  fact  that  the  globes 
used  are  not  good  diffusers ;  that  is  to  say,  the  light  is  seen 
through  the  globes  in  the  form  of  spots  and  these  spots  are  too 
intense  and  too  brilliant  for  the  eyes.     . 

J/;'.  S.  W.  Ashe: — In  connection  with  the  table  of  dust 
measurements  what  time  interval  elapsed  for  the  collection  of  the 
dust  before  the  measurements  were  made? 

Mr.  Norman  Macbeth  : — Can  the  authors  give  any  data  showing 
the  relative  efficiencies  of  individual  reflector  and  trough  re- 
flector used  in  window  lighting? 

Corrections  were  made  in  the  tested  illumination  values  for 
changes  in  voltage,  the  measurements  throughout  the  building 
being  corrected  to  the  nominal  light  output  for  120  volts.  Were 
the  actual  illumination  values  as  found  throughout  the  building 
in  the  various  departments  greater  or  less  than  shown  in  this  paper 
due  to  these  corrections?  The  correction  is,  of  course,  for  the 
purpose  of  bringing  the  intensities  to  standard  conditions,  but  it 
is  also  very  desirable  to  have  this  additional  information  as  to 
the  actual  conditions. 

I  agree  with  Mr.  Millar  that  when  passing  opinion  on  the  lighting 
of  the  first  floor  one  should  know  the  purpose  of  the  designers. 
The  first  time  I  saw  the  installation  I  was  struck  with  the  glare 
effect  from  the  apparently  numberless  light  sources,  the  result 
being  far  from  satisfactory ;  the  impression  was  that  something 
was  compelling  attention  to  the  ceiling,  and  only  by  special  effort 
could  I  keep  my  eyes  down  to  the  counter  plane.  Other  ob- 
servers have  stated  that  they  experienced  the  same  feeling. 

Mr.  H.  T.  Owens : — There  is  no  doubt  that  the  glare  on  the 
main  floor  is  quite  impressive  to  visitors  who  come  into  the 
store  for  the  first  time,  although  the  type  of  lighting  used  is  not 
one  to  show  off  the  goods  to  the  best  advantage.  The  glare  is 
not  due  to  the  quantity  of  light  but  rather  to  the  type  of  glassware 
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and  the  color  of  the  walls  and  ceiling.  The  use  of  diffusing 
globes  and  softer  colors  on  the  wall  would  materially  improve 
the   installation. 

Mr.  G.  H.  Stickncy : — In  one  point  at  least  my  experience 
differs  from  the  data  given  by  the  authors  in  Table  I  relating 
to  the  percentage  of  light  absorption  for  different  glassware. 
I  believe  that  the  minimum  values  are  a  little  high  and  that  for 
ground  glass  15  per  cent,  would  be  nearer  right  than  20  per 
cent.,  for  alabaster  10  per  cent,  instead  of  20  per  cent,  and  for 
opal  glass  the  minimum  should  be  about   12  per  cent. 

The  lighting  in  general  seems  to  be  a  departure  from  the 
usual  New  York  practice  and  to  tend  more  toward  that  fol- 
lowed in  certain  western  stores  where  a  large  number  of  small 
units  are  employed. 

Unquestionably  the  high-efficiency  metallic-filament  lamp  is  the 
most  satisfactory  illuminant  available  for  the  upper  floors  of  a 
dry-goods  or  department  store.  As  to  the  main  floor  of  such  a  store, 
the  issue  is  not  quite  so  clear.  In  some  cases  the  metallic-filament 
lamp  may  be  preferred  and  in  others  the  intensified  arc.  This  I 
believe  depends  to  some  extent  upon  the  purpose  of  the  lighting, 
as  suggested  in  Mr.  Millar's  discussion.  In  a  demonstration  which 
I  conducted  in  a  large  western  store  within  the  past  year  the 
metallic-filament  lamp  was  selected  because  of  the  pleasant  gen- 
eral effect  in  the  store.  However,  there  was  considerable  hesi- 
tation, as  it  was  considered  that  the  arc  lamps  showed  the  color 
of  the  merchandise  more  accurately.  The  decision  was  not  unan- 
imous and  there  is  considerable  question  in  my  mind  which 
of  the  two  illuminants  will  give  the  greater  satisfaction. 

Mr.  V.  R.  Lansingh : — Relative  to  the  use  of  different  colored 
illuminants,  I  want  to  call  attention  to  one  rather  particular  case 
of  lighting,  namely,  in  the  jewelry  department,  especially  where 
diamonds  are  to  be  shown.  The  higher  priced  and  higher  value 
diamonds  are  those  with  the  color  of  blue,  the  yellow  diamond 
being  the  least  valuable.  Consequently,  in  order  to  show  dia- 
monds to  the  best  advantage,  it  is  desirable  to  show  them  under 
blue  light.  For  this  service  nothing  has  been  devised  which 
gives  better  effect  than  the  arc  lamp,  its  light  being  unfiltered 
by  any  colored  globe  whatever.     In  a  large  jewelry  store  in  Salt 
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Lake  City,  this  is  taken  advantage  of,  and  the  clear  arc  lamp, 
with  a  prismatic  globe  simply  to  break  up  the  light,  is  used  for 
this  purpose,  the  result  being  very  satisfactory. 

Mr.  Marshall: — In  reply  to  Mr.  Millar,  I  wish  to  state  that 
the  lighting  of  the  first  three  floors  in  general,  and  the  first  floor 
in  particular,  was  designed  by  the  architects  to  be  attractive  in 
appearance  first,  and  efficient,  in  so  far  as  illumination  results 
were  concerned,  in  the  sceond  place. 

I  have  spoken  so  many  times  about  my  dislike  for  ground  glass 
that  I  did  not  make  mention  of  this  lack  of  appreciation  in  this 
paper.  Ground  glass  in  the  form  of  spheres  is  not  a  particularly 
good  diffusing  or  a  redirecting  medium.  When  an  illuminant  is 
placed  inside  of  a  sphere,  say  10  ins.  in  diameter,  the  sphere 
appears  to  be  of  such  dimensions  only  when  unlighted ;  however, 
when  the  illuminant  is  lighted,  the  sphere,  to  the  eye,  is  reduced 
in  size  almost  to  the  spot  of  light  noticeable  in  the  center  of  the 
sphere.  Such  condition  is  not  only  not  artistic,  but  inasmuch  as 
the  light  flux  is  not  diffused  to  any  great  extent  the  use  of  such 
glassware  is  not  to  be  considered  where  low  intrinsic  brilliancy 
of  light  sources  is  desired.  Where  two  or  more  lamps  are  used 
inside  of  such  a  sphere,  the  effect  becomes  almost  grotesque,  be- 
cause instead  of  having  a  symmetrical  unit,  there  is  one  in  which 
the  several  points  of  light  are  most  conspicuous,  the  symmetry 
of  the  ball  being  absolutely  destroyed.  Milk  (opal)  glass  is  far 
preferable  for  spheres  to  ground  glass,  even  though  the  absorp- 
tion is  higher,  for  with  these  is  obtained  a  fullness,  due  to  per- 
fect diffusion,  that  is  wonderfully  beautiful  and  a  low  intrinsic 
brilliancy  of  surface  that  is  desirable.  Either  plain  milk  balls 
de-polished  on  the  exterior,  or  straw,  opalescent  balls,  similarly 
treated  on  the  exterior,  produce  a  very  pleasing  effect. 

Concerning  the  dust  question ;  as  the  paper  indicated,  the  re- 
sults were  not  the  product  of  very  extended  tests.  One  reading 
was  taken  at  each  of  the  several  test  stations  in  the  store.  These 
tests  were  made  approximately  five  months  after  the  equipment 
had  been  installed.  Attention  should  be  called  to  the  fact  that  in 
the  paper  certain  depreciation  values  were  given  for  the  lamps, 
and  in  justice  to  the  lamps,  it  should  be  stated  that  these  values 
are  open  to  question,  because  the  lamps  had  not  all  been  in  use 
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for  the  same  length  of  time ;  they  had  been  installed  from  time  to 
time  since  the  date  of  the  first  installation. 

As  regards  the  efficiency  of  a  light  source  individually  equipped 
with  a  reflector  so  constructed  as  to  redirect  the  light  rays  in 
certain  directions,  versus  the  so-called  trough  reflector,  where 
the  lamps  are  placed  in  such  a  manner  that  the  redirection  be- 
comes general,  I  do  not  consider  it  proper  here  to  go  into  the  dis- 
cussion of  such  a  matter,  because  of  the  commercial  element  that 
would  probably  be  introduced,  but  I  can  say  that  a  study  of  show 
windows  lighted  with  these  two  forms  of  reflectors  will  prove 
conclusively  that  the  individual  reflector  is  more  efficient  than  the 
old  style  trough  reflector.  It  is  interesting  to  note  that  those 
people  who  heretofore  have  manufactured  trough  reflectors,  are 
now  constructing  individual  reflectors. 

The  voltage  in  the  building  is  remarkably  steady;  as  stated 
in  the  paper,  there  is  a  substation  in  the  basement  operated  by 
the  New  York  Edison  Company. 

As  to  bowl-frosted  lamps,  it  so  happened  that  frosted-tip  lamps 
were  delivered  at  the  building,  the  manufacturers  of  such  lamps 
understanding  that  they  would  be  employed  in  the  open  reflectors. 
As  sufficient  time  was  not  available  to  make  additional  ship- 
ment, these  lamps  were  used.  When  the  frosted-tip  lamps  burn 
out  in  the  balls  clear  lamps  will  be  used ;  in  the  reflectors,  the 
frosted-tip'  lamps,  of  course,  will  be  employed. 

The  authors  have  endeavored  to  ascertain  the  undesirable 
effect  of  light  ceilings,  and  pillars,  on  the  eye,  but  so  far  as  they 
have  been  able  to  carry  out  the  experiments,  no  tangible  results 
have  been  obtained.  However,  it  is  believed  that  if  this  large 
expanse  of  white  brightness  be  eliminated  the  eye  will  be  enabled 
to  "see"  very  much  more  easily. 
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COUXCtL  XOTES. 


A  meeting  of  the  council  was  held  in  the  general  office  April 
14th.  Those  in  attendance  were  A.  E.  Kennelly,  president;  V. 
R.  Lansingh,  treasurer;  L.  B.  Marks,  chairman  finance  com- 
mittee :  Preston  S.  Millar,  general  secretary :  A.  S.  McAllister, 
■'..  S.  Barrows,  George  Ross  Green,  W.  H.  Gartley,  and  Bassett 
Jones,  Jr.,  chairman  of  papers  committee. 

After  the  receipt  of  the  usual  monthly  reports  of  the  secretary 
and  the  chairman  of  the  finance  committee,  a  report  from  the 
committee  on  section  development  was  discussed  at  length. 
The  report  contained  several  proposed  changes  pertinent  to  the 
organization  and  policies  of  the  sections.  It  was  accompanied 
by  a  supplementary  report  which  included  suggestions  concern- 
ing an  enlargement  of  the  work  of  the  Society.  In  the 
supplementary  report  were  also  incorporated  a  number  of  com- 
munications from  members  recommending  new  lines  of  work. 
The  discussion  of  the  recommendations  contained  in  both  reports 
resulted  in  the  appointment  of  a  committee  on  policy.  This 
committee  will  serve  until  the  end  of  the  year  and  will  not  only 
take  up  the  recommendations  of  the  committee  on  section  de- 
velopment but  will  consider  other  questions  involving  the  so- 
ciety's policy  and  development.  The  personnel  of  the  com- 
mittee is  as  follow- :  President  A.  E.  Kennelly,  chairman  ;  Past 
President  L.  B.  Marks,  C.  H.  Sharp,  Louis  Bell,  W.  H.  Gartley, 
E.  P.  Hyde :  V.  R.  Lansingh.  treasurer ;  and  Preston  S.  Millar, 
general  secretary.  It  is  expected  that  a  report  from  the  com- 
mittee will  be  forthcoming  before  the  June  council  meeting. 

A    resolution    was    passed    modifying    the    publication    policy 

of  the  society.     Hereafter  the  technical  press  will  be  permitted 

to  abstract  any  paper  before  it  is  presented  at  a  section  meet- 

r  to  reprint  it  in  full  after  it  is  thus  presented.     Heretofore 
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the  rules  of  publication  did  not  permit  such  reprinting  or  abstrac- 
tion of  a  paper  before  it  appeared  in  the  Transactions. 

The  general  secretary  reported  upon  certain  correspondence 
with  the  chairman  of  the  committee  on  hygiene  of  the  eyes  of 
the  section  of  ophthalmology  of  the  American  Medical  Society. 
The  members  who  have  been  invited  to  attend  a  meeting  of  that 
committee  were  authorized  to  signify  the  willingness  of  the  Il- 
luminating Engineering  Society  to  appoint  a  committee  to  under- 
take cooperative   work. 

A  committee  was  appointed  to  consider  the  advisability  of 
establishing  a  section  in  Washington,  D.  C. 

Twenty-six  applicants  were  elected  to  membership. 


SECTION    MEETINGS. 


CHICAGO    SECTION. 

A  meeting  of  the  Chicago  Section  was  held  in  the  Green  Room 
of  the  Kuntz-Remmler  Restaurant,  Chicago,  at  noon  April  20th. 
Charles  R.  Oilman,  of  Milwaukee,  Wis.,  chief  electrician 
of  the  Chicago,  Milwaukee  and  St.  Paul  Railway  Com- 
pany, read  a  paper  on  "Recent  Developments  in  Train  and  Car 
Lighting."  Discussion  was  offered  by  Messrs.  Albert  Scheible, 
C.  W.  Naylor,  T.  H.  Aldrich,  M.  G.  Lloyd,  F.  A.  Vaughn,  G. 
C.  Keech,  A.  J.  Sweet,  A.   M.  Wilson  and  C.   R.   Gilman. 

x\t  the  meeting  to  be  held  on  the  evening  of  May  18th,  Mr. 
Charles  A.  Luther,  illuminating  engineer  of  the  Peoples  Gas 
Light  &  Coke  Company,  will  present  a  paper  on  the  "Illumina- 
tion of  the  Peoples  Gas  Building."  This  meeting  will  prob- 
ably be  held  in  that  building. 

At  the  June  meeting  Mr.  W.  D.  Bradley,  of  the  American 
Luxfer  Prism.  Company,  will  read  a  paper  on  "Natural  Day- 
light Illumination."     This  will  complete  the  present  season. 

NEW     ENGLAND     SECTION. 

The  New  England  section  held  a  meeting  Monday,  April  10th. 
A  paper  on  "Modern  Gas  Illumination"  was  read  by  Mr.  T.  J. 
Litle,   Jr. 

At   the  meeting  to   be   held    Monday,    May   8th,   Mr.   W.    E. 
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Wickenden,  assistant  professor  of  electrical  engineering  in  the 
Massachusetts  Institute  of  Technology,  will  present  a  paper. 

NEW    YORK     SECTION. 

At  the  April  meeting  of  the  New  York  section  held  in  the 
United  Engineering  Societies'  Building  three  papers  were  pres- 
ented. The  first  paper,  "The  Photometry  of  Mercury- Vapor 
Lamps,"  was  read  by  Dr.  Joseph  C.  Pole.  This  was  followed  by 
a  paper  entitled,  "Polar  Curves  of  Finite  Line  and  Surface  Light 
Sources,"  by  Mr.  Bassett  Jones,  Jr.,  and  a  paper  on  "Sign  Light- 
ing" by  Mr.  O.  P.  Anderson.  Mr.  Anderson's  paper  was  sup- 
plemented by  a  number  of  stereopticon  views  of  various  elec- 
tric sign  installations.  All  three  papers  with  the  attending  dis- 
cussion appear  elsewhere  in  this  issue. 

At  the  next  meeting,  which  will  be  held  May  nth  in  the  United 
Engineering  Societies'  Building,  Prof.  R.  S.  .Woodworth  of 
Columbia  University,  will  present  a  paper  on  the  "Psychology 
of  Light." 

PHILADELPHIA  SECTION. 

A  meeting  of  the  Philadelphia  section  was  held  Friday,  April 
21st.  Mr.  E.  C.  Crittenden,  of  the  Bureau  of  Standards  read  a 
paper  entitled,  "An  Experimental   Study  of  Flame  Standards." 

The  next  monthly  meeting  will  be  held  Friday,  May  19th. 
Mr.  W.  D'  A.  Ryan  of  the  General  Electric  Company  will  read 
a  paper  entitled,  "Mill  Lighting."  The  paper  will  be  supple- 
mented by  a  series  of  lantern  slides. 


OBITUARY. 

DR.    HENRY   GRADLE. 

As  this  issue  of  the  Transactions  goes  to  press  word  is 
received  of  the  death  of  Dr.  Henry  Gradle  at  Santa  Barbara,  Cal., 
April  4th.  Dr.  Gradle  was  one  of  the  foremost  ophthalmologists 
in  Chicago.  He  had  been  affiliated  with  the  Chicago  section  for 
several  years  and  had  manifested  a  keen  interest  in  the  affairs  of 
the  Society. 
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A  STUDY  OF  THE  ENERGY  LOSSES  IN  ELECTRIC  IN- 
CANDESCENT LAMPS.1 


BY    EDWARD    P.    HYDE,    F.    E.    CADY    AND    A.    G.    WORTHING. 


I.    INTRODUCTION. 

In  studying  the  radiating-  properties  of  matter  it  is  frequently 
convenient,  especially  in  the,  case  of  metals,  to  mount  the  ma- 
terial to  be  investigated  in  the  form  of  a  filament  in  an  ex- 
hausted bulb,  as  in  the  ordinary  incandescent  electric  lamp. 
This  arrangement  is  particularly  advantageous  if  the  relation 
between  the  supplied  power  and  the  radiated  power  is  known, 
since  it  is  then  possible  to  determine  the  radiation  at  any  tem- 
perature, i.e.,  at  any  voltage,  by  measuring  the  power  supplied 
to   the  lamp. 

The  possible  difference  between  the  power  in-put  and  that 
radiated  by  the  filament  will  depend  in  general  upon  three  fac- 
tors:  (1)  the  C2R  loss  in  the  leading-in  wires  and  joints;  (2) 
the  fraction  of  the  supplied  power  that  is  dissipated  by  con- 
vection and  conduction  of  heat  by  the  gas  enclosed  in  the  bulb ; 
and  (3)  the  fraction  dissipated  by  thermal  conduction  along 
the  leading-in  and  supporting  wires.  There  is  no  reason  why 
the  C2R  loss  may  not  be  made  as  small  as  desired.  In  ordinary 
commercial  lamps  it  is  less  than  t  per  cent., — more  usually  of 
the  order  of  magnitude  of  0.1  per  cent,  or  0.2  per  cent.  In 
cases  where  it  may  be  necessary,  it  is  possible  to  correct  for 
this  loss. 

Although  the  loss  by  gas  conduction  and~  convection  is  quite 
large  if  the  bulb  is  not  well  exhausted,  amounting  in  extreme 
cases  to  several  hundred  per  cent.,  it  is  negligibly  small  when  the 
vacuum  is  of  the  order  of  magnitude  of  0.001  or  0.002  mm.  of 
mercury,  or  less.  The  relation  between  the  pressure  of  air  in 
the  bulb  and  the  power  required  to  maintain  a  filament  tem- 
perature of  approximately  1,400°  C.  is  shown  in  Fig.  1,  for  the 
case  of  a  platinum  filament  15  cm.  long,  and  0.1  mm.  diameter, 
mounted  in  a  pear-shaped  bulb  of  8  cm.  maximum  diameter 
and  13  cm.  length.  The  magnitude  of  this  loss  will  depend, 
of  course,  upon  the  size  of  the  bulb,  the  nature  of  the  enclosed 

1  A  paper  presented  at  a  meeting  of  the  New  England  Section  of  the  Illuminating 
Engineering  Society,  February  13,  191 1. 
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gas,  the  size  and  material  of  the  filament,  and  the  temperature 
of  operation.  The  higher  the  temperature,  the  smaller  is  the 
relative  loss.  Platinum,  because  of  its  low  emissivity,  undoubt- 
edly gives  a  larger  loss  than  some  such  substance  as  base-car- 
bon. Hydrogen  would  carry  away  relatively  more  of  the  sup- 
plied power  than  air  at  the  same  pressure.  But  in  all  ordinary 
cases,  as  in  commercial  lamps,  the  conditions  are  such  that  the 
loss  due  to  the  conduction  and  convection  by  the  enclosed  gas  is 
negligibly   small. 

With  regard  to  the  losses  by  conduction  away  of  the  energy 
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Fig.  I. 

of  the  filament  by  the  leading-in  and  supporting  wires,  there 
has  been  much  discussion.  In  a  previous  investigation1  by  one 
of  the  authors  et  al.  of  the  selectivity  in  the  radiation  of  certain 
metals,  it  was  assumed  that  this  loss  by  conduction  away  of 
heat  is  small, — at  least,  that  the  relative  difference  in  this 
loss  for  two  different  lamps,  or  for  the  same  lamp  at  two 
different  temperatures  is  negligible.  This  assumption  was  based 
partly  on  a  casual  inspection  of  the  filaments  when  incandes- 
cent and   partly   on   the   experience   of   lamp   makers   who    find 

1  Elec.   World,  53,  p.  439,  1909.  Trans.   111.     Eng.    Soc,    4,    P    334.    I9°9-    Jour.  Frank. 
Inst:,  169,  p.  439.  1910. 
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that  practically  the  same  data  may  be  used  in  computing  the 
dimensions  of  lamps  of  different  voltages  and  wattages  within 
reasonable  limits. 

The  same  assumption  has  been  made  by  Drysdale2  and  Fery3. 
On  the  other  hand  direct  measurements  by  Helmholtz4,  Lux5 
and  LeimbachG  of  the  total  radiation  have  indicated  large  differ- 
ences between  the  power  supplied  to  the  lamp  and  that  radiated 
by  it.  The  results  of  Leimbach  whose  work  is  the  most  recent 
and  most  complete  on  the  subject  will  serve  as  an  illustration. 
He  finds  for  the  "relative  radiating  power"  (ratio  of  radiated 
to  supplied  power)  of  the  various  carbon  and  metal-filament 
lamps  values  ranging  from  61.9  per  cent,  to  80.5  per  cent.  Thus 
in  the  most  favorable  case  approximately  20  per  cent,  of  the 
supplied  power  is  not  radiated  to  the  measuring  bolometer, 
and  on  the  average  the  loss  amounts  to  about  30  per  cent.  More- 
over, it  would  seem  that  this  loss  is  ascribed  principally,  though 
not  entirely,  to  the  heat  conduction  at  the  leading-in  and  support- 
ing wires.  At  least,  differences  of  15  per  cent,  (as  between  the 
A.  E.  G.  228-volt  tungsten  and  the  "Sirius"-Kolloid  220-volt 
tungsten  lamp)  are  ascribed  to  differences  in  supports  which 
would  seem  to  indicate  that  the  total  loss  in  every  case  is  due 
primarily  to  heat  conduction  at  the  leading-in  and  supporting 
wires. 

2.    GENERAL    METHOD. 

The  discrepancy  between  the  large  losses  found  by  direct  ex- 
periment, and  the  relatively  small  ones  which  general  consid- 
erations and  the  experience  of  manufacturers  would  indicate, 
suggested  the  importance  of  further  investigation  of  the  sub- 
ject, particularly  as  the  present  authors'  conclusions  regarding 
selectivity  in  the  radiation  of  various  substances  rest  on  the 
assumption  that  the  ratio  of  luminous  flux  to  total  power  rad- 
iated in  the  case  of  an  ordinary  incandescent  lamp  is  approxi- 
mately equal  to  the  lumens  per  supplied  watt,  i.e.,  that  the  losses 
by  thermal  conduction  are  comparatively  small. 

In  approaching  the  problem  it  is  well  to  discriminate  between 

"-Jour,  de  Pins..  (4)  7,  p  872,  190S.     Lond.Ill.  Eng.,  1,  p.  642,  1908. 

3  Bui  Soc.  Int.  des  Elec,  (2)  9,  p.  673,  1909. 

4  Beiblaetter,  14,  p.  589,  1890. 

5  Land.  III.  Eng.y  1,  p.  98,  190S. 

6  Zs.f.  whs.  Phot.,  8,  p.  333,  1910. 
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the  energy  radiated  by  the  filament  and  the  energy  radiated 
by  the  lamp  as  a  whole.  These  two  quantities  of  radiation  may 
differ,  and  the  quality  of  the  radiation  from  the  filament  may 
be  different  from  that  from  the  lamp  as  a  whole.  The  glass 
bulb  absorbs  some  energy  of  every  wave-length,  but  the  ab- 
sorption in  the  visible  spectrum  is  quite  small.  Beyond  2.5  p 
in  the  infra-red,  glass  begins  to  exhibit  strong  absorption.  The 
energy  absorbed  by  the  glass  is  dissipated  again,  partly  by 
radiation  of  very  long  wave-lengths  and  partly  by  conduction  and 
convection  by  the  air.  Moreover,  in  the  case  of  old  lamps  there 
is  a  deposit  formed  on  the  inner  side  of  the  bulb,  and  this  de- 
posit absorbs  strongly  in  the  visible,  as  well  as  in  the  infra-red 
region  of  the  spectrum.  Drysdale7  by  a  calorimetric  method 
measured  the  energy  lost  by  convection  from  the  bulb  in  a  par- 
ticular lamp  and  found  the  loss  to  be  of  the  order  of  magnitude 
of  2  or  3  per  cent. 

Some  few  observations  were  made  on  the  absorption  in  the 
visible  spectrum  of  lamp  bulbs,  including  both  new  bulbs  and 
those  on  which  there  was  a  marked  deposit.  In  the  case  of  new 
lamps  the  decrease  in  luminous  flux  owing  to  absorption  by 
the  bulb  amounts  to  only  2  or  3  per  cent.  Bulbs  of  lamps  which 
had  burned  to  approximately  one-quarter  of  their  normal  lives, 
showed  absorptions  of  the  order  of  magnitude  of  5  per  cent,  or 
6  per  cent.,  differing  of  course  from  lamp  to  lamp.  Aery  old 
lamps  which  had  burned  out  were  so  darkened  with  deposit  that 
absorptions  as  large  as  25  per  cent,  were  observed.  It  is  evi- 
dent, therefore,  that  for  lamps  which  have  been  seasoned,  but 
not  burned  to  any  great  extent,  the  absorption  of  visible  radia- 
tion need  not  exceed  5  per  cent.,  and  that  the  relative  differences 
between  lamps  of  different  types  should  be  much  smaller  than 
5  per  cent. 

In  the  methods  employed  by  Helmholtz,  Lux  and  Leimbach, 
the  total  radiation  from  the  lamp  was  measured,  but  since  the 
large  observed  differences  between  the  power  supplied  and  that 
radiated  were  attributed  by  Leimbach  to  a  great  extent  to  the 
thermal  conduction  losses  at  the  supports,  it  seemed  advisable 
to  apply  some  new  method  which  would  give  the  difference  be- 
tween the  power  supplied  to  the  filament  and  that  radiated  by  the 

•  Lnc.  cil. 
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filament.  This  difference  would  unquestionably  be  due  only  to 
thermal  conduction  losses.  In  the  case  of  moderately  new 
lamps,  in  which  there  is  no  marked  deposit  on  the  bulb,  this 
difference  gives  more  nearly  the  real  error  which  results  from 
the  assumption  that  the  lumens  per  applied  watt  is  the  same  as 
the  lumens  per  watt  radiated  by  the  filament.  It  is  therefore 
the  more  significant  error  in  the  methods  employed  by  one  of 
the  authors  et  al.  in  the  study  of  the  radiating  properties  of 
metals. 

The  method  employed  in  the  present  investigation  consists,  in 
brief,  in  determining  the  power  supplied  to  every  millimeter 
length  of  filament,  the  power  radiated  by  every  element  of  fila- 
ment, and  the  luminous  value  of  the  radiation  from  every 
element  of  filament.  These  data  give  at  once  the  difference  be- 
tween the  power  supplied  and  that  radiated  by  the  whole  fila- 
ment, and  hence  the  loss  by  thermal  conduction.  The  data  also 
give  the  difference  between  the  actual  efficiency  of  the  filament, 
and  the  efficiency  it  would  have  if  there  were  no  conduction 
losses. 

The  casual  inspection  of  a  lamp  in  operation,  particularly  of 
a  metal-filament  lamp,  shows  the  cooling  effect  of  the  leading- 
in  and  supporting  wires.  It  is  quite  easy  to  measure  the  sup- 
plied power,  the  radiated  power,  and  the  luminous  flux  of  a 
unit  length  of  filament  at  any  point,  without  making  any  tem- 
perature measurements  or  any  assumptions  whatever  regarding 
the  temperature.  The  method  employed,  which  is  an  applica- 
tion of  the  principle  of  the  Holborn-Kurlbaum  optical  pyrometer, 
is  as   follows : 

An  image  of  a  part  of  the  filament  of  a  large-filament  lamp 
A  (Fig.  2)  is  projected  on  an  enlarged  scale  by  means  of  the 
lens  B  on  the  plane  of  the  filament  of  the  lamp  C  under  inves- 
tigation. The  telescope  D  is  focussed  on  the  filament  of  lamp 
C  so  that  the  filament  of  C  is  seen  in  the  telescope  against 
a  bright  background  consisting  of  the  enlarged  image  of  the 
filament  A  which  is  also  in  the  focus  of  telescope  D.  By  vary- 
ing the  current  in  the  auxiliary  lamp  A  the  filament  of  C  can 
be  made  to  disappear  against  the  background.  The  disappear- 
ance can  be  secured  more  accuratelv  if  monochromatic  light  is 
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used,  and  to  this  end  a  strip  of  red  glass  is  placed  over  the 
eve-piece  E  of  the  telescope. 

The  test  lamp  C  is  mounted  on  an  adjustable  support.  By 
raising  or  lowering  lamp  C,  different  parts  of  its  filament  can 
be  seen  against  the  bright  image  of  filament  A,  as  a  background. 
As  successive  portions  of  the  filament  of  lamp  C  are  seen 
against  the  image  of  A,  the  currents  in  A  corresponding  to  a 
disappearance  are  determined.  In  this  way  the  whole  filament 
is  explored,  measurements  being  made  as  close  to  the  leading-in 
and  anchoring  wires  as  the  reduced  luminosity  of  those  cooled 
portions  will  permit. 

The  results  for  one  of  four  filaments  of  a  no-volt,  60-watt 
tungsten  lamp,  taken  as  an  illustration,  are  plotted  in  Fig.  3, 
curve  "A."  The  abscissas  are  distances  along  the  filament  from 
a  leading-in  wire  to  successive  points  on  the  filament  up  to  the 
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Fig.  2. 

end  of  the  filament  where  it  is  welded  to  a  support  at  the  base- 
end  of  the  mount.  The  ordinates  are  the  values  of  the  current 
in  the  background  corresponding  to  a  disappearance  of  the  var- 
ious portions  of  the  test  filament,  as  seen  in  the  telescope.  The 
filament  was  160  mm.  long,  and  intermediate  between  the  two 
ends,  at  80  mm.  from  the  leading-in  wire,  the  effect  of  an 
anchoring  wire  of  the  ordinary  loop  form  is  seen.s  Xear  the 
leading-in  wire  the  filament  is  cooled  by  thermal  conduction, 
and  so  the  emission  is  decreased.  It  is  therefore  necessary  to 
reduce  the  current  in  the  background  lamp  in  order  that  the 
two  may  have  the  same  apparent  emission,  i.e.,  in  order  that 
there  may  be  a  disappearance  as  seen  in  red  light  through  the 
telescope.  In  the  neighborhood  of  the  anchoring  wire  the  cool- 

•  In  Fig.  3.  as  in  the  following  figures,  it  should  be  kept  in  mind  that  a  considerable 
portion  of  each  curve  corresponding  to  the  portion  of  the  filament  glowing  with  maxi- 
mum brightness  has  been  omitted. 
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ing  effect  is  again  noticed,  though  the  magnitude  of  the  cool- 
ing here  is  not  as  great  as  at  the  leading-in  or  other  welded 
joints.  In  fact  it  is  frequently  difficult,  to  measure  the  cool- 
ing effect  at  the  loose  anchors  because  the  contact  between  the 
filament  and  the  anchor  is  variable ;  at  one  moment  there  is 
apparently  no  cooling  whatever,  and  a  moment  later  a  fairly 
good  contact  is  established.  By  taking  all  four  of  the  filaments 
between  successive  welded  joints  in  a  tungsten  lamp  an  aver- 
age  result   is    obtained.     In   the   tantalum   lamp   there   are   only 
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two  rigid  joints,  at  the  leading-in  wires  and  21  loose  anchors. 
By  taking  a  large  number  of  the  anchors,  however,  it  is  possi- 
ble to  average  up  with  fair  accuracy  the  uncertainty  due  to  the 
variable  contacts. 

Data  similar  to  those  represented  in  Fig.  3,  curve  "A,"  for 
one  filament  of  a  25-watt  tungsten  lamp  were  obtained  for  a 
number  of  lamps  of  different  types.  In  every  case,  when  the 
lamp  was  operating  at  normal  voltage  the  cooling  effect  was 
found  to  extend  only  a  short  distance  from  the  contact  points 
as    exhibited  by    the   flatness    of   the    current   curve   throughout 
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the  greater  part  of  its  length.  This  fact  that'  the  cooling  effect 
is  confined  to  the  parts  of  the  filament  quite  near  the 
supports  renders  available  a  simple  method  of  determining  with 
a  fairly  high  accuracy  from  the  observed  curve  of  background 
current,  as  in  Fig.  3,  curve  "A,"  the  losses  in  watts  and  in  effi- 
ciency due  to  the  conduction  away  of  heat  at  the  supports. 

The  exact  significance  of  the  background  current  correspond- 
ing to  a  disappearance  of  the  test  filament  against  the  back- 
ground is  of  interest  in  passing.  If  there  was  no  absorption 
of  red  light  in  the  passage  of  the  radiation  from  the  filament  of 
lamp  A  (Fig.  2)  through  the  bulb  of  A,  or  through  the  lens 
system  B,  or  through  the  bulb  of  lamp  C,  the  intrinsic  bright- 
ness of  the  enlarged  image  of  filament  A  in  the  plane  of  filament 
C  would  be  the  same  as  the  intrinsic  brightness  of  the  filament 
A  itself.  If  these  conditions  held,  then  when  the  current  of 
lamp  A  was  adjusted  so  that  the  test  filament  C  disappeared 
against  the  background  image  of  filament  A,  the  two  filaments 
would  have  exactly  the  same  emission  in  red.  If  both  filaments 
were  of  the  same  material,  e.g.,  tungsten,  which  is  the  material 
of  the  background  lamp,  and  if  the  surfaces  of  the  two  filaments 
were  the  same,  the  two  filaments  would  be  at  the  same  tempera- 
ture and  hence  of  the  same  color.  Owing,  however,  to  ab- 
sorption of  light  in  the  passage  of  the  radiation  from  filament 
A  to  its  image  in  the  plane  of  C,  it  is  necessary  to  operate  lamp 
A  at  a  higher  temperature  than  would  otherwise  be  necessary ; 
and  so  the  color  of  the  light  from  A  is  much  whiter  than  that 
from  a  tungsten  test  lamp  C  when  at  a  disappearance  as  seen 
in  the  telescope. 

It  is  not  necessary,  however,  to  introduce  any  of  the  proper- 
ties of  lamp  A  into  the  determination  of  the  conduction  losses 
of  lamp  C.  Lamp  A  is  used  only  as  a  comparison  lamp,  and  is 
entirely  eliminated  by  a  substitution  method.  The  applicability 
of  this  method  rests  on  the  fact,  pointed  out  above,  that  the 
cooling  effect  for  the  lamp  being  studied  is  relatively  small,  and 
is  confined  to  the  parts  of  the  filament  quite  close  to  the  sup- 
ports. Under  these  circumstances,  if  the  test  filament  C  is  oper- 
ated at  two  different  voltages,  the  ratio  of  the  total  emission 
at  the  two  voltages  of  a  millimeter  length  of  filament  taken 
near  the  center  of  the  filament,  i.e.,  away  from  the  supports,  is 
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the  same,  to  within  second  order  differences,  as  the  ratio  of  the 
power  supplied  to  the  lamp  as  a  whole  at  the  two  voltages. 
This  relation  furnishes  a  method  of  interpreting  the  observed 
values  of  background  current  in  terms  of  watts  radiated  by 
different  portions  of  the  test  filament.  Thus,  after  having  ex- 
plored the  entire  filament  of  lamp  C,  by  moving  it  up  and  down, 
and  determining  the  backgiound  current  for  disappearance  at 
each  of  a  number  of  points  along  the  filament,  some  part  of  the 
filament  away  from  a  support  is  brought  again  into  the  field 
of  the  telescope  so  that  it  is  seen  against  the  background  image. 
The  voltage  of  the  test  lamp,  which  was  maintained  constant 
during  the  previous  test,  is  now  varied,  and  the  background 
current  is  adjusted  so  that  there  is  a  disappearance,  i.e.,  so  that 
the  test  filament  C  and  the  image  of  A  are  at  the  same  apparent 
brightness.  By  varying  the  voltage  of  the  test  lamp  C  over  a 
large  range,  making  background  current  determinations  at  fre- 
quent intervals  and  measuring  the  watts  of  the  test  lamp  at  each 
voltage,  a  calibration  curve  is  obtained  between  the  current  in 
the  background  and  the  watts  supplied  to  the  test  lamp,  which 
latter  may  be  taken  as  proportional  to  the  watts  radiated  by  the 
element  of  filament  of  the  test  lamp  under  investigation.  Such 
a  calibration  curve  for  the  tungsten  lamp  to  which  Fig.  3,  curve 
"A,"  applies  is  shown  in  Fig.  4,  curve  "A."  If  now  for  the 
background  current  readings  in  Fig.  3,  curve  "A"  the  corre- 
sponding watts  of  the  test  lamp  are  plotted,  the  resulting  curve 
(curve  "B,"  Fig.  3)  plotted  in  terms  of  an  arbitrary  unit,  will 
give  the  relative  energy  radiated  by  every  element  of  filament 
of  the  test  lamp  C  at  the  fixed  normal  voltage  of  the  lamp.  The  in- 
tegral of  this  curve  will  give  the  total  power  radiated  by  the 
filament,  expressed  in  the  same  arbitrary  unit. 

Now,  since  the  energy  supplied  to  an  element  of  filament  near 
the  center,  i.e.,  away  from  the  supports,  is  all  radiated,  there 
being  no  conduction  loss,  the  curve  of  power  supply  for  this 
portion  will  coincide  with  that  of  power  radiated,  if  plotted 
to  the  same  scale.  As  the  leading-in  and  supporting  wires  are 
approached,  however,  the  two  curves  will  diverge.  If  the  re- 
sistance of  every  element  of  filament  were  the  same,  the  curve 
of  energy  supply  would  be  a  straight  line  parallel  to  the  axis 
of  abscissas.     On  account  of  the  cooling  at  the  contact  points, 
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however,  the  resistance  of  unit  lengths  of  filament  near  the  con- 
tact points,  will  differ  from  that  of  a  unit  length  in  the  central 
region  of  the  filament,  and  hence  the  power  supplied  to  these 
elements  near  the  contacts  will  be  different  from  that  supplied 
to  the  central  portion,  being  directly  proportional  to  the  resist- 
ance. 

The  resistance  of  every  element  of  filament  can  be  deter- 
mined in  a  way  quite  similar  to  that  employed  in  the  deter- 
mination  of   the   radiation    from   each   element.     Fig.   4,   curve 
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Fig.  4. 

"B,"  gives  the  resistance  of  the  entire  filament  of  the  tungsten 
test  lamp  (expressed  in  an  arbitrary  unit)  plotted  against  the 
background  current  values  which  give  a  disappearance  for  a 
central  portion  of  the  filament  at  varying  voltages.  The  ratio 
of  the  resistances  of  the  whole  lamp  at  two  voltages  may  be 
considered  to  within  second  order  differences  as  equal  to  the 
corresponding  ratio  of  the  resistances  of  a  unit  length  of  fila- 
ment near  the  center.  Hence  from  curve  "B,"  Fig.  4,  may  be 
read  the  resistance  of  any  element  of  filament  corresponding 
to   a   background   current    taken    from    curve    "A,"    Fig.    3.     If 
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the  watts  supplied  to  an  element  of  filament  near  the  center  be 
taken  as  unity,  then  the  power  supplied  to  any  element  of  fila- 
ment near  the  contacts  will  be  that  fraction  of  the  power  sup- 
plied to  a  central  element  which  the  resistance  of  the  end  ele- 
ment is  of  the  resistance  of  the  central  element.  The  power 
supplied  to  every  element  of  the  tungsten  filament  which  has 
been  taken  as  an  example  is  given  in  Fig.  3,  curve  "C."  The 
integral  of  this  curve  gives  the  total  power  supplied  to  the 
filament,  and  the  ratio  of  the  integral  of  curve  "B"  (the  total 
power  radiated)  to  the  integral  of  curve  "C"  (the  total  power 
supplied),  gives  the  proportion  of  the  supplied  power  which  is 
radiated.  The  difference  between  this  ratio  and  unity  gives 
the  percentage  of  power  lost  by  thermal  conduction.  In  the 
case  of  the  tungsten  filament  in  the  illustration  it  amounts  to 
4  per   cent. 

From  an  inspection  of  Fig.  3  it  is  seen  that  curve  "B"  giv- 
ing the  radiated  power,  is  extrapolated  to  zero  at  the  contact 
points,  whereas  curve  "C"  is  given  finite  values  at  these  points. 
Unquestionably  the  filament  has  a  temperature  above  that  of 
the  surrounding  medium  even  at  the  contacts,  and  so  curve 
"B"  should  have  finite  values  at  these  points;  but  in  order  that 
the  maximum  loss  might  be  determined  it  seemed  advisable,  in 
the  absence  of  specific  knowledge  of  the  true  values  at  these 
points,  to  assume  the  worst  case  by  extrapolating  to  zero. 

Having  determined  the  power  supplied  and  the  power  radiated 
for  every  element  of  filament,  it  only  remains  to  measure  the 
luminous  flux  for  every  element  of  filament,  and  thus  to  deter- 
mine the  loss  in  efficiency  due  to  the  losses  of  energy  by  thermal 
conduction.  The  method  pursued  in  determining  the  luminous 
flux  of  each  element  of  filament  is  entirely  analogous  to  that 
used  in  getting  the  power  supplied  and  the  power  radiated  by 
each  element.  Thus,  Fig.  4,  curve  "C,"  gives  the  relation  be- 
tween the  luminous  flux  of  the  whole  lamp  and  the  background 
current  corresponding  to  a  central  portion  of  the  test  filament  at 
different  voltages.  From  this  curve,  in  conjunction  with  curve 
"A,"  Fig.  3,  it  is  a  simple  matter  to  compute  the  curve  of  lumi- 
nous flux,  as  shown  in  curve  "D,"  Fig.  3,  plotted  in  terms  of  an 
arbitrary  unit.  The  integral  of  this  curve  gives  the  total  lumi- 
nous flux  of  the  whole  filament,  and  the  ratio  of   this  integral 
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(the  total  luminous  flux)  to  the  integral  of  curve  "C"  (the  total 
power  supplied)  gives  the  efficiency  in  terms  of  the  efficiency 
at  the  center  of  the  filament  taken  as  unity.  The  difference 
between  this  ratio  and  unity  gives,  therefore,  the  percentage 
loss  in  efficiency  due  to  the  losses  by  thermal  conduction.  In 
the  case  of  the  tungsten  filament  which  is  taken  as  an  example, 
this  loss  amounts  to  7  per  cent. 

3.    EXPERIMENTAL    RESULTS. 

The  method  described  fully  in  the  preceding  section  may  be 
summarized  briefly.  (1)  The  current  values  of  the  background 
lamp  corresponding  to  a  disappearance  of  the  various  parts  of 
the  test  filament  at  constant  voltage  are  determined.  Then  for 
some  central  portion  of  the  test  filament  the  following  three 
relations  are  determined  by  varying  the  voltage  of  the  test 
lamp  and  recording  the  corresponding  background  current;  (2) 
background  current  versus  foreground  watts;  (3)  background 
current  vs.  foreground  resistance;  (4)  background  current  vs. 
foreground  luminous  flux.  By  combining  (2),  (3)  and  (4)  with 
(1),  it  is  possible  to  obtain  the  power  supplied,  the  power 
radiated,  and  the  luminous  flux  for  every  element  of  length  of 
the  test  filament. 

In  actually  carrying  out  the  investigation,  the  method  given 
above  was  not  followed  rigorously.  Thus,  the  background 
lamp  was  employed  only  in  determining  relations  (1)  and  (2). 
For  relations  (3)  and  (4)  were  substituted  the  following,  which 
in  the  light  of  relation  (2)  give  all  the  necessary  data:  (3') 
foreground  watts  vs.  foreground  resistance;  (4')  foreground 
watts  vs.  foreground  luminous  flux. 

In  practice  the  method  consisted  in  first  determining  re- 
lation (2)  which  may  be  considered  a  calibration  of  the  back- 
ground filament.  Then  relation  (1)  was  determined,  but  the 
results  were  not  reduced  to  a  curve.  The  calibration  of  the 
filament — relation  (2) — was  then  repeated,  and  the  mean  of  the 
two  calibrations  plotted  in  the  form  of  a  curve.  From  this  curve 
the  watts  value  of  every  observed  background  current  value 
in  relation  fi)  was  read-off.  and  the  results  olotted  in  the  form 
of   a   curve,   in   which   distances   along  the   filament   were  taken 


25O      TRANSACTIONS  OE    ILLUMINATING  ENGINEERING   SOCIETY 

as  abscissas,  and  watts  radiated  (in  an  arbitrary  unit)  as  or- 
dinates. 

In  getting  relation  (2)  the  test  lamp  was  set  at  various  volt- 
ages, and  the  background  current  for  a  disappearance  was  ob- 
tained; at  the  same  time  current  readings  of  the  test  lamp  were 
taken.  From  the  latter  the  watts  and  resistance  at  each  volt- 
age were  computed.  In  this  way  relation  (3')  was  obtained 
simultaneously  with  relation  (2).  To  get  relation  (4')  the  lamp 
was  set  up  again  since  the  experimental  arrangement  did  not 
permit  candle-power  determinations  to  be  made  at  the  same  time 
as  the  other  measurements. 

As  a  background  lamp  a  large  filament  tungsten  lamp  was 
used.  The  filament  was  approximately  0.4  mm.  in  diameter, 
and  was  of  an  inverted  U-shape,  mounted  in  a  large  bulb.  Sev- 
eral different  lamps  were  used,  in  some  cases  the  bulb  was  spheri- 
cal, in  others  of  the  more  usual  pear-shaped  form.  In  each 
case  the  filament  was  so  mounted  that  the  end  of  the  loop  came 
near  the  center  of  the  bulb.  This  portion  of  the  filament  was 
in  general  chosen  as  the  background  for  the  measurements. 

The  investigation  was  carried  out  with  the  following  four 
lamps,  each  at  two  different  voltages:  16-c-p.,  115-volt,  3.1 
w.p.c.  carbon  lamp;  40-watt,  no-volt,  tantalum  lamp;  25-watt, 
115-volt,  tungsten  lamp;  and  60-watt,  no-volt,  tungsten  lamp. 
The  losses .  were  determined  at  voltages  corresponding  to  ap- 
proximately normal  operation,  and  at  very  low  voltages  so  chos- 
en that  all  the  lamps  were  at  about  the  same  color  as  the  car- 
bon lamp  at  75  volts.  Only  one  lamp  of  each  type  was  used,  as 
the  observations  and  computations  are  quite  laborious,  and  as 
it  is  felt  that  there  is  no  reason  why  the  losses  should  differ 
greatly  from  lamp  to  lamp  of  the  same  type  and  at  the  same 
efficiency. 

The  carbon  lamp  was  of  the  anchored  oval  type,  thus  hav- 
ing two  leading-in  wires,  and  one  anchor  at  the  center  of  the 
oval.  The  tantalum  lamp  was  of  the  continuous  filament  va- 
riety with  two  leading-in  wires  and  twenty-one  loop  supports.  The 
25-watt  tungsten  lamp  and  similarly  the  60-watt  tungsten  lamp, 
had  four  filaments,  each  of  which  was  welded  at  the  base  con- 
tacts and  supported  at  the  other  end  by  a  loop  support.  There 
were  thus  two  leading-in  wires,  six  other  welded  supports  and 
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four  loop  supports.  In  the  case  of  the  carbon  lamp,  the  fila- 
ment was  investigated  in  the  region  of  each  leading-in  wire 
and  of  the  one  anchor.  The  effect  of  the  two  leading-in  wires,  and 
of  ten  of  the  twenty-one  loop  supports  was  studied  in  the  tan- 
talum lamp.  In  the  25-watt  tungsten  lamp  the  losses  at  the  two 
leading-in  wires,  at  three  of  the  six  other  welded  contacts,  and 
at  two  of  the  four  loop-contacts  were  determined.  In  the  60- 
watt  tungsten  lamp  approximately  the  same  number  of  contacts 
were  studied. 

The    losses    at    the    loop-contacts    were    the    most    difficult    of 
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measurement  because  of  their  changing  nature.  •  By  taking  a 
relatively  large  number,  however,  a  fairly  accurate  result  was 
obtained. 

The  results  of  the  investigation  are  given  in  Figs.  5  and  6, 
and  in  Table  1.  In  describing  the  general  principle  involved  in 
the  method,  typical  curves  for  a  60-watt  tungsten  lamp  were 
given  in  Fig.  3,  curves  "A,"  f'B,"  "C"  and  "D."'  In  giving  the 
final  results  it  has  seemed  better  to  plot  the  average  curves  for 
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each  lamp.  Thus  in  Fig.  5,  curve  "A,"  the  abscissas  are  the 
average  distances  from  the  contact  points,  and  the  ordinates  are 
the  average  values  of  power  supplied  to  the  filaments  at  the 
corresponding  distances  from  the  contact  points.  The  ordinates 
are  expressed  in  terms  of  an  arbitrary  unit  so  chosen  that  the 


Fig.  6. — Average  curves  showing  conduction  losses  for  various  types  of  lamps 
at  reduced  voltages. 


value  of  the  maximum  power  supplied  per  unit  length  of  fila- 
ment is  unity.  Curve  "B"  gives  the  average  power  radiated 
at  various  distances  from  the  contact  point ;  and  curve  "C" 
shows  the  average  luminous  flux  per  unit  length  of  filament. 
The  area  between  curves  "A"  and  "B,"  divided  by  the  area 
enclosed    under    curve    "A"    properly    extended   gives    the    per- 
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TABLE  I.— Summary  of  Energy  and  Luminous    Efficiency   Losses 

in    Various   Types  of   Lamps  Due    to    the    Conduction  of 

Heat  Away  from  the  Filament  at  the  Leading-in 

and  Anchoring  Wires. 

Distance 
between 
Energy        Efficiency      successive 
" atts  loss  *  loss    "        contacts 

Lamp  Voltage         M.  H.  C.        Percent.        Percent.  mm. 

Tantalum  No.  3 no  2.0  7  13                 33 

40-watt 50  1 1 .0  14  27 

Carbon  No.  53 115  3.1  2  4               106 

50-watt 75  18.0  3  5 

Tungsten   No.  45  •  •  115  1.25  4  7                 69 

25-watt 45  12.0  9  .15 

Tungsten  No.  47  ••  no  1.25  4  7                80 

60-watt 45  11.0  8  16 

centage  loss  in  power  due  to  thermal  conduction  at  the  contacts- 
The  area  between  curves  "A"  and  "C"  divided  by  the  area  en- 
closed under  curve  "A"  properly  extended  gives  the  percentage 
difference  between  the  actual  efficiency  of  the  lamp,  and  the 
efficiency  of  the  most  efficient  part  of  its  filament,  i.e.,  the  part 
of  the  filament  away  from  the  cooling  effect  of  the  contacts. 
The  reason  why  the  average  efficiency  of  the  lamp  is  lower  than 
that  of  its  most  efficient  part  is  to  be  found  in  the  fact  that 
the  efficiency  of  those  parts  of  the  filament  near  the  contact 
points  is  quite  low.  The  amounts  of  the  losses  in  power  and 
the  losses  in  efficiency  for  the  various  lamps  are  given  in  the 
respective  figures  and  are  collected  in  Table  1. 

In  the  first  column  of  Table  1  are  given  the  various  lamps 
used;  in  the  second  and  third  columns  the  voltages  and  the 
watts  per  mean  horizontal  candle  at  normal  operation  and  at 
reduced  voltages ;  in  the  fourth  and  fifth  columns  are  given 
the  percentage  losses  in  watts  and  in  efficiency  at  normal  opera- 
tion and  at  reduced  voltages ;  and  in  the  sixth  column  are  given 
the  lengths  of  filament  between  two  successive  points  of  sup- 
port for  the  various  lamps.  It  will  be  observed  first  that  the 
power  losses  (fourth  column)  in  the  case  of  ordinary  lamps  at 
normal  operation  are  relatively  small,  amounting  only  to  about 
7  per  cent,  even  for  the  tantalum  lamp,  which  shows  the  larg- 
est loss.  As  the  voltage  is  decreased,  the  loss  becomes  rela- 
tively larger  for  every  lamp ;  but  even  at  the  very  low  voltages 
used  and  for  the  worst  case  of  14  per  cent,  loss  in  the  tanta- 
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lum  lamp  operating  at  n  watts  per  mean  horizontal  candle,  the 
power  losses  are  still  considerably  less  than  the  values  given 
by  Leimbach  for  normal  operation. 

The  efficiency  losses  (fifth  column)  are  considerably  larger 
than  the  power  losses,  owing  to  the  fact  that  the  luminous  flux 
decreases  several  times  as  fast  as  the  power,  when  the  tem- 
perature is  lowered.  At  normal  operation  the  efficiency  losses 
owing  to  the  cooling  effect  of  the  supports  range  from  4  per 
cent,  for  the  carbon  lamp  to  13  per  cent,  for  the  tantalum  lamp. 
At  the  reduced  voltages  at  which  measurements  were  made,  the 
efficiency  losses  range  from  5  per  cent,  for  the  carbon  to  27 
per  cent,  for  the  tantalum  lamp.  It  is  perhaps  well  to  explain 
the  exact  significance  of  the  efficiency  loss.  By  this  is  meant 
the  difference  between  the  average  efficiency  of  the  filament  as 
a  whole,  and  the  efficiency  of  its  hottest,  central  portion.  If 
there  was  no  conduction  of  heat  at  the  supports  these  two  quan- 
tities would  be  the  same ;  but,  owing  to  the  reduced  efficiency  of 
the  parts  of  the  filament  near  the  supports,  the  central  portion 
must  be  operated  at  a  higher  efficiency  than  would  otherwise  be 
necessary  to  secure  a  given  average  efficiency  of  the  filament  as 
a  whole. 

It  should  be  emphasized  that  the  results  given  above  were  ob- 
tained on  single  specimens  of  each  type  of  lamp,  and  that  the 
types  of-  lamps  were  the  standard  types  in  commercial  usage. 
Although  it  is  thought  probable  that  the  percentage  losses  for 
other  specimens  of  similar  types  would  exhibit  no  marked  differ- 
ences in  the  magnitude  of  the  losses,  it  would  seem  quite  cer- 
tain that  other  types  of  lamps  would  in  general  show  different 
losses. 

From  a  consideration  of  the  curves  given  in  Fig.  5,  and  the 
numerical  results  collected  in  Table  I,  it  would  seem  that  the  rel- 
atively large  loss  for  the  tantalum  lamp  is  to  be  ascribed  to  the 
large  number  of  supports,  and  the  correspondingly  short  lengths 
of  filament  between  successive  supports.  Although  this  is  un- 
questionably the  case,  one  is  not  justified  in  concluding  a  priori 
that  the  life  of  the  tantalum  lamp  would  be  improved  by  re- 
ducing the  number  of  supports  and  increasing  the  free  length  of 
filament.     Other  considerations  of  a  practical  nature  enter,  and 
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these  must  be  given  clue  weight  in  determining  the  most  efficient 
construction.  It  is  a  matter  of  interest,  however,  to  know  specif- 
ically the  magnitude  of  the  losses  in  various  types  of  lamps  due 
to  the  conduction  away  of  heat  at  the  leading-in  and  anchoring 
wires. 

Although  complete  measurements  of  the  losses  were  made 
only  at  two  voltages  for  each  lamp,  viz.,  that  of  normal  opera- 
tion, and  that  corresponding  to  a  color  match  with  the  carbon 
lamp  at  75  volts,  a  series  of  measurements  at  intermediate  volt- 
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Fig.  7. — Variation  with  voltage  of  the  energy  (A  B  C  D)  and  the  efficiency 
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ages  was  made  which  makes  possible  a  fairly  accurate  interpola- 
tion for  any  voltage  intermediate  between  the  two  voltages  for 
which  values  are  given.  This  series  of  measurements  con- 
sisted in  determining  the  loss  at  some  one  contact  (the  contact 
at  one  of  the  leading-in  wires  was  chosen  in  every  case)  corre- 
sponding to  a  number  of  intermediate  voltages,  and  assuming 
that  the  total  loss  at  any  voltage  is  proportional  to  the  loss  at 
this  one  contact  for  all  voltages  intermediate  between  the  two 
extremes.  The  interpolation  curve  for  each  lamp  is  given  in 
Fig.  7,  in  which  ordinates  are  voltages  expressed  in  percentage 
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of  the  voltage  for  normal  operation  and  abscissas  are  percent- 
age energy  and  efficiency  losses  respectively. 

From  Fig.  7  it  is  possible  to  compute  the  approximate  energy 
and  efficiency  loss  at  any  voltage,  and  thus  to  determine  the  cor- 
rections which  must  be  applied  to  the  measured  lumens  per 
watt  at  .any  voltage  in  order  to  obtain  the  true  lumens  per  watt 
at  which  the  central  portion  of  the  filament  is  operating.  As 
the  efficiency  losses,  particularly  for  some  types  of  lamps,  are 
fairly  large  when  the  lamps  are  operating  at  low  voltage,  the 
numerical  results  of  selectivity  as  given  in  previous  papers  by 
one  of  the  present  authors  et  al.  will  need  some  revision.  A  full 
discussion  of  this  point  will  be  reserved  for  a  future  paper. 
Suffice  it  to  say  at  present  that  the  direction  of  the  correction 
is  such  as  to  indicate  a  larger  difference  between  carbon  and 
metals  in  respect  of  the  selectivity  of  their  radiation  than  that 
given  in  the  previous  papers  on  this  subject.  Moreover,  it  is 
possible  that  the  relative  arrangement  of  the  metals,  as  for 
example  between  tantalum  and  tungsten,  may  be  altered  some- 
what, though  this  is  not  yet  determined.  The  authors  hope 
to  repeat  the  original  experiments,  at  least  in  part,  in  order  to 
secure  accurate  results  correcting  for  the  losses  due  to  thermal 
conduction  and  for  such  other  losses  as  may  affect  the  numeri- 
cal results. 

4.    SUMMARY. 

The  results  of  the  investigation  of  certain  of  the  losses  that 
occur  in  ordinary  incandescent  electric  lamps  may  be  summar- 
ized as   follows,   for  those  types   of  lamps  which  were  studied. 

1.  Of  the  energy  supplied  to  the  lamp  practically  all  is  trans- 
formed into  heat  in  the  filament  itself,  only  a  small  fraction 
of  one  per  cent,  being  dissipated  as  C'-R  loss  in  the  leading-in 
and  connecting  wires. 

2.  Of  the  energy  transformed  into  heat  in  the  filament,  that 
which  is  lost  through  the  convection  and  conduction  of  heat 
by  the  enclosed  gas  is  in   all  normal  lamps  entirely  negligible. 

3.  The  energy  losses  due  to  thermal  conduction  at  the  lead- 
ing-in and  supporting  wires  are  quite  appreciable  for  all  types 
of  lamps  and  for  all  voltages  studied.  The  losses  are  larger 
for  certain  types  of  lamps,  such  as  the  tantalum  lamp,  than  for 
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others,  such  as  the  carbon ;  and  for  all  types  the  losses  increase 
greatly  as  the  voltage  is  lowered  below  that  corresponding  to 
normal  operation.  The  energy  losses  at  normal  operation  are 
relatively  small,  amounting,  in  the  worst  case  studied,  to  only 
7  per  cent. 

4.  The  efficiency  losses  due  to  thermal  conduction  are  some- 
what larger  than  the  corresponding  energy  losses,  and  even  at 
normal  operation  are  as  large,  in  the  case  of  the  tantalum  lamp, 
as  13  per  cent.  Moreover,  the  efficiency  losses  increase  rapidly 
as  the  voltage  is  reduced. 

5.  The  principal  element  in  determining  the  magnitude  of 
the  losses  is  the  free  length  of  filament  between  successive  con- 
tacts. 

6.  The  efficiency  losses  found  are  of  such  a  character  that 
there  is  no  need  for  any  modification  in  the  general  conclu- 
sions as  to  the  selectivity  of  radiating  metals  which  were  arrived 
at  in  a  previous  investigation  on  the  assumption  that  all  the 
energy  supplied  to  a  lamp  is  transformed  into  radiant  energy. 
The  numerical  results  given  in  previous  papers  need  some  re- 
vision, and  it  is  possible  that  the  order  of  arrangement  of  the 
metals  as  to  selectivity  may  undergo  some  change.  The  general 
ocnclusions,  however,  remain  unaltered. 

7.  Xo  measurements  were  made  of  the  total  energy  losses 
which  remit  from  the  absorption  by  the  glass  bulb  and  what- 
ever deposit  there  might  be  on  the  insi  'e  of  the  bulb.  The 
absorption  by  the  bulb  of  the  luminous  flux  from  the  filament  is 
approximately  2  or  3  per  cent,  in  new  lamps,  but  may  be  very 
large  in  lamps  which  have  burnei  a  great  many  hours.  No 
measurements  were  made  of  the  losses  either  in  total  energy  or 
in  luminous  flux  due  to  the  base  of  the  lamp. 
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ENERGY  STANDARDS  OF  LUMINOUS  INTENSITY.1 


BY    HERBERT    E.    IVES. 


All  candle-power  standards  are -devices  for  producing  visible 
radiation  of  constant  and  measurable  intensity.  Existing  or 
proposed  standards  secure  this  constancy  of  radiation  by  three 
methods.  By  the  first  method  certain  specifications  as  to  the 
design  and  use  of  the  radiator  are  closely  followed,  on  the 
assumption  that  if  these  are  adhered  to  the  intensity  of  visible 
radiation  will  be  determined.  Standards  of  this  type  are  repre- 
sented by  the  candle,  the  Carcel,  the  Hefner  and  the  pentane 
standards.  In  these  a  more  or  less  definite  and  constant  quantity 
of  visible  radiation  per  unit  of  time  is  obtained  if  the  material  and 
size  of  the  wick,  burner  or  chimney  is  according  to  specifica- 
tions, if  fuel  of  a  certain  composition  is  used,  and  if  the  atmos- 
pheric pressure  and  humidity  have  stated  values.  To  this  class 
would  also  belong  primary  standards  formed  of  incandescent 
electric  lamps  of  definite  filament  materials,  filament  length, 
vacuum  and  power  consumption,  were  these  feasible.  All  the 
primary  standards  in  use  to-day  belong  to  this  class.  By  the 
second  method  the  intensity  of  radiation  is  controlled  by  the 
observation  or  measurement  of  some  accompanying  physical  varia- 
ble, such  as  temperature.  In  this  class  belong  the  Yiolle  stand- 
ard, and  the  black  body  standard  proposed  by  Waidner  and 
Burgess.  In  the  former  the  unit  is  radiation  from  a  square  cen- 
timeter of  platinum  at  its  melting-point.  In  the  latter  the  unit 
is  radiation  from  an  aperture  of  specified  dimensions  in  a  black 
body,  the  temperature  being  that  of  melting  platinum  as  deter- 
mined by  a  piece  of  that  metal  enclosed  in  or  surrounding  the 
black  body.  By  the  third  method  the  intensity  of  visible  radia- 
tion is  controlled  by  direct  measurement  of  the  radiation,  as 
radiation ;  for  instance,  with  a  bolometer.  In  this  class  belongs 
the  three  spectral  lines  standard  propose:!  by  Steinmetz. 

From  the  standpoint  of  this  classification  it  appears  that  the 
most  striking  characteristic  of  present  standards  is  their  in- 
direct means  of  securing  the  end  in  view.     They  lie  at  one  ex- 

1  A  paper  presented  at  a  meeting  of  the  Philadelphia  section  of  the  Illuminating 
Engineering  Society,  March  17,  191 1. 
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treme,  while  at  the  other  extreme  lie  the  theoretically  desirable 
ones,  in  which  the  quantity  used  is  dealt  with  directly.  Why 
the  present  standards  are  of  the  one  extreme  in  type  is  not  hard 
to  see.  The  line  of  least  resistance  has  been  followed.  By  far 
the  most  pressing  requirement  has  been  reproducibility.  It  has 
been  much  easier  to  make  a  successful  practical  lamp  of  certain 
fixed  and  reproducible  dimensions  and  call  it  a  standard  than 
to  measure  radiation.  All  the  practical  standards,  in  fact,  date 
from  the  time  when  quantitative  measurements  of  radiated  en- 
ergy were  almost  unknown,  and  before  the  relations  between 
radiation  and  light  were  more  than  approximately  understood. 
It  cannot  be  said  that  even  now  quantitative  radiation  measure- 
ments can  be  made  with  the  degree  of  accuracy  necessary  for  a 
reproducible  standard  of  light.  Xor  can  it  be  said  that  the 
knowledge  of  the  luminous  equivalent  of  radiation  is  sufficiently 
exact  to  warrant  the  specifications  of  a  light  standard  in  terms 
of  radiation,  except  in  certain  empirically  determined  cases. 
Nevertheless  the  theoretical  possibility  and  the  theoretical  cor- 
rectness of  the  third  method  mentioned  above  invite  discussion. 
Standards  of  this  type  are  to  be  striven  for  because  in  them 
it  is  possible  to  connect  the  unit  of  luminous  flux  with  the  C.  G. 
S.  units.  Thus  it  may  be  possible  to  specify  the  unit  of  flux  as 
one  watt  of  power  per  unit  of  area  radiated  in  a  certain  way. 
The  greater  desirability  of  this  mode  of  specification  over  the 
specification  of  burner  and  wick  dimensions  is  sufficiently  ob- 
vious. 

It  is  the  purpose  of  this  paper  to  consider  the  theoretical  and 
the  practical  side  of  standards  of  this  type,  namely,  those  in 
which  the  intensity  of  the  radiation  of  the  quantity  of  energy 
radiated  in  unit  time  constitutes  the  specification.1 

These  standards  may  be  grouped  as  follows : 

1.  Those  with  continuous  spectra. 

a.  Specified  by  the   quantity  of  total   radiation. 

b.  Specified  by  the  quantity  of   "visible"   radiation. 

1  In  this  paper  the  terras  "  quantity  of  radiation.'1  "  quantity  of  energy,"  "radiated 
power."  "  intensity  of  radiation,"  are  used  practically  synonymously.  In  all  cases 
"quantity  of  energy  radiated  per  unit  of  time"  is  meant.  This  is  somewhat  clumsy  and 
could  he  avoided  by  the  term  "  rate  of  radiation,"  or  *'  intensity  of  radiation,"  but  neither 
of  these  terms  convey  clearly  the  idea  of  quantity,  except  to  those  carrying  the  exact 
scientific  definitions  in  mind,  that  it  is  wished  to  keep  to  the  fore. 
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2.  Those  with  discontinuous  or  line  spectra. 

a.  Consisting  of  three   wave-lengths,  by   the   mixture   of 

which  all  colors  including  white  can  be  matched. 

b.  Consisting  of   two   wave-lengths   by   which   white   and 

some  colors  can  be  matched. 

c.  Consisting  of   a   single   wave-length. 

The  theoretical  and  practical  discussion  of  these  standards  is 
closely  connected  with  several  special  topics :  namely,  the  re- 
lation between  radiation  and  light ;  the  principles  of  color  mix- 
ture; instrumental  means  for  isolating  radiations  of  the  desired 
character ;  and  methods  of  measuring  light  and  radiation.  A 
brief  discussion  of  these  is  now  necessary. 

THE    CONNECTION    BETWEEN    RADIATION    AND   LIGHT. 

Any  attempt  to  measure  light  as  radiation,  ,in  power  units,  in- 
volves an  accurate  knowledge  of  the  relationship  between  radia- 
tion and  light.  Light  may  be  defined  qualitatively  as  radiation 
which  can  be  perceived  by  the  eye.  Quantity  of  light  cannot, 
however,  be  identified  with  quantity  of  radiation,  for  there  is  a 
great  difference  in  the  magnitude  of  the  visual  sensation  pro- 
duced by  different  kinds  of  radiation.  In  photometry  one  is 
concerned  with  the  brightness  sensation  produced  by  radiation. 
This  is  greatest  for  radiation  of  wave-length  about  0.545  p.  in  the 
yellowish  green  part  of  the  spectrum.  From  this  point  the 
brightness  drop--  off  to  zero  on  the  red  side  at  about  wave- 
length o.y^fx,  and  on  the  blue  side  at  about  wave-length  0.38  p. 
In  most  artificial  illuminants  the  greater  part  of  the  radiation 
lies  in  the  invisible  spectrum  on  the  long  wave,  or  infra-red 
side ;  consequently  they  are  very  inefficient  as  producers  of  light. 
Were  an  attempt  made  to  measure  light  by  quantity  of  radia- 
tion a  feeble  light  as  many  times  greater  than  a  bright  one  of 
different  radiant  character  might  easily  be  measured.  Hence 
to  measure  light  as  radiation  the  weight  to  be  given  to  radiated 
values  must  be  accurately  known  in  order  to  reduce  them  to  light, 
considered  on  a  scale  of  brightness.  This  is  not  a  simple  mat- 
ter, for  the  brightness  values  of  different  colors  vary  both  with 
different  individuals  and  at  different  absolute  illuminations. 
Furthermore,  a  serious  difficulty  arises  in  attempting  to  estimate 
or  measure  the  relative  brightness  of  different  colors  with  any 
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degree  of  accuracy.  In  short,  the  whole  problem  of  hetero- 
chromatic  photometry  is  encountered.  The  complete  coordina- 
tion of  light  and  power  measurements  must,  therefore,  wait 
upon  the  practical  solution  of  that  problem.  Use  can,  however, 
be  made  of  the  present  knowledge  in  order  to  form  an  idea 
of  the  probable  conventions,  methods,  etc.,  by  which  must  come 
the  solution  of  the  problem  of  measuring  colored  lights.  It 
may  be  noted,  then,  that  while  there  are  differences  in  individual 
estimation  of  brightness,  that  average  values  can  be  obtained 
from  numerous  observers  having  the  characteristics  of  the  nor- 
mal or  average  eye.  According  to  the  latest  researches  the  varia- 
tions due  to  changed  illumination  occur  only  at  comparatively 
low  illuminations;  hence,  if  the  standard  condition  of  measure- 
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ment  is  that  of  high  illumination.  (10  meter  candles  or  over) 
this  difficulty  may  be  minimized.  The  difficulty  of  making 
heterochromatic  measurements  may  be  met  by  making  a  large 
number  of  settings  or  by  using  special  photometers.  Probably 
the  nearest  approach  to  luminosity  determinations  of  the  spec- 
trum of  this  character  are  those  made  by  the  writer  and  re- 
ported at  the  1910  convention  of  this  Society.  The  normal 
luminosity  curve  of  the  spectrum  there  given,  obtained  from 
the  mean  readings  of  five  observers  at  high  illumination,  is 
shown  in  Fig.  1  and  will  be  taken  as  the  standard  of  reference 
in  the  present  paper.  Thi>  curve  indicates  that  the  radiation 
which  gives  the  greatest  sensation  of  brightness  for  a  given 
quantity  of  radiation  lies  in  the  green  of  the  spectrum  at  wave- 
length 0.545/x. 
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COLOR    MIXTURE    AND    MEASUREMENT. 

From  the  previous  section  it  is  evident  that  it  may  not  be 
necessary  for  the  eye  to  receive  all  the  radiation  from  a  light 
source  in  order  that  the  latter  may  appear  in  its  full  brightness. 
But  the  mechanism  of  seeing  is  such  that  not  only  may  the  invisi- 
ble radiations  be  dispensed  with,  but  certain  of  the  visible  radiations 
may  be  dispensed  with  and  yet  receive  the  same  quality  of  visual 
sensation.  One  may  receive  the  sensation  of  yellow  from  a  mix- 
ture of  spectral  red  and  green  light,  in  which  no  true  yellow  light 
exists.  From  a  mixture  of  pure  red,  green  and  blue  the  sen- 
sation of  white  may  be  received  while  other  mixtures  of  these 
three  reproduce  with  close  fidelity  all  other  spectral  and  natural 
colors.  Use  of  this  fact  is  made  in  the  three-color  process  of 
color  photography.  One  may  also  receive  the  impression  of 
white  from  the  mixture  of  various  pairs  of  spectral  colors,  such 
as  yellow-green,  or  red-peacock  blue,  may  also  be  received ;  and 
tints  intermediate  between  either  of  the  two  components  and 
white  may  be  matched. 

Of  greatest  interest  from  the  viewpoint  of  standards  is  the 
fact  that  these  whites  and  colors  are  such  only  to  the  eye  and  as 
a  consequence  differ  with  different  eyes.  A  white  consisting  of 
a  continuous  spectrum  of  the  character  given  by  the  sun  or  an 
incandescent  solid  is  white  to  all  eyes,  normal  or  color  blind ;  but 
a  two-color  or  three-color  white  may  or  may  not  match  with 
this,  depending  on  the  observer.  A  partially  red-blind  observer, 
for  instance,  may  receive  little  or  no  sensation  from  the  pure 
red  of  the  three-color  mixture.  It  will  be  found  therefore  that  the 
quantities  of  red,  green  and  blue  which  mix  to  match  a  con- 
tinuous-spectrum white  will  vary  slightly  with  different  observ- 
ers. With  an  Ives  colorimeter  experience  has  shown  that  with 
normal  observers  differences  of  at  least  five  per  cent,  in  the  mix- 
ing proportions  of  red,  green  and  blue  to  match  a  continuous 
spectrum  white  may  be  expected.  Considerably  greater  differ- 
ences occur  if  any  of  the  observers  are  abnormal  to  the  extent 
known  as  "color  blind."  Color  blind  observers  cannot,  by  the 
nature  of  their  deficiency,  make  the  same  photometric  settings  as 
normal  observers,  except  wrhere  lights  of  identical  character  are 
compared.     Difficulty   must    necessarily    arise    in   comparing   va- 
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rious  lights  with  a  standard  of  different  color,  due  to  difference 
between  observers,  and  this  difficulty  cannot  but  be  increased  by 
introducing  a  radical  difference  of  spectral  composition.  Con- 
sequently any  plans  for  standards  or  peculiar  spectral  character 
— such  as  those  discussed  below — must  give  serious  considera- 
tion to  this  source  of  uncertainty. 

As  in  the  case  of  the  luminosity  values  of  the  spectral  colors, 
only  by  securing  measurements  from  numerous  observers  could 
the  characteristics  of  the  normal  eye  with  respect  to  color  mixture 
be  obtained.  In  the  present  case  such  data  are  not  available  in 
any  great  variety.  The  work  of  Koenig  on  the  primary  color 
sensations  will  be  referred  to  as  standard,  although  with  the  dis- 
tinct understanding  that  his  results  are  merely  of  the  form 
needed,  and  not  necessarily  the  values  to  be  ultimately  adopted  as 
normal. 

The  chief  facts  in  color  mixture  for  the  present  purpose  may 
be  represented  by  means  of  color  sensation  curves,  or  in  a  color 
triangle.  The  mixing  proportions  of  red;  green  and  blue  light 
are  sometimes  used  as  a  measure  of  color.  The  proportions  of  a 
certain  red,  green  and  blue  for  every  color  of  the  spectrum  can 
thus  be  obtained :  these  plotted  against  wave-length  give  what  is 
called  a  "color  mixture  curve."  Different  curves  are  obtained, 
depending  on  the  particular  red,  green  and  blue  chosen.  The 
intermediate  colors,  yellow  and  blue-green,  are  not  exactly 
matched,  for  the  mixture  is  slightly  paler.  Study  of  these 
phenomena  has  led  to  the  point  of  view  that  there  are  no  true 
primary  colors,  even  in  the  spectrum,  but  that  each  spectral 
color  is  a  mixture  of  three  primary  sensations  called,  for  con- 
venience, red,  green  and  blue.  A  certain  red,  green,  and  blue, 
having  the  least  admixture  of  the  other  two  sensations  are  the 
purest  spectral  colors,  the  nearest  approach  to  the  true  primary 
sensations  with  the  possible  exception  of  the  red,  green  or  blue 
perceptible  immediately  after  fatiguing  the  eye  to  the  two  other 
colors.  Finally  the  point  is  reached  where  the  sensation  of  white 
is  defined  as  equal  excitation  of  these  three  primary  sensations,  and 
any  color  is  defined  in  terms  of  these  three  sensations,  rather  than 
in  terms  of  a  particular  red,  green  and  blue  color.  In  Figure 
2  are  given  the  primary  sensation  curves  in  the  spectrum  as  de- 
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termined  by  Koenig.  The  areas  included  under  the  curves  are 
equal,  which  means  that  the  white  spectrum  gives  white  light. 
The  sum  of  the  red  sensation  ordinates  at  two  or  three  wave- 
lengths gives  the.  total  red  sensation  in  the  mixture,  and  so  for 
the  other  sensations.  It  is  possible  with  these  curves  to  pick 
out  colors  which  mix  to  make  white,  and  to  determine  the  colors 
resulting  from  their  mixture.  The  spectral  colors  which  come 
nearest  to  being  composed  of  one  sensation  alone  are  trie  red  be- 
yond 0.64^,  the  green  at  0.506/u,  the  blue  at  0.480/*.  These  have 
the  best  claim  of  any  red,  green  and  blue  to  be  called  primaries. 

A  form  in  which  these  results  may  be  put  more  conveniently 
for  some  purposes  is  the  color  triangle,  shown  in  Fig.  3.     The 
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vertical  distance  of  a  point  from  a  side  indicates  the  fraction  of 
the  total  color  sensation  which  the  sensation  marked  at  the 
opposite  vertex  constitutes.  In  this  figure  all  mixtures  of  two 
colors  lie  on  the  line  joining  them.  Thus  at  once  two  colors  can 
be  picked  out  to  make  white,  "complementaries,"  as  they  are 
called ;  what  colors  result  from  the  mixture  of  these  comple- 
mentaries in  other  proportions  can  be  studied ;  in  short,  most 
of  the  facts  of  color  mixture  represented  by  the  curves  may 
be  learned,  but  in  a  quicker  and  easier  way.  The  spectrum  is 
shown  by  the  curve.  This  lies  some  distance  from  the  blue  and 
green  corners,  because  pure  blue  and  green  sensations  are  not 
represented  in  the  spectrum. 

The   purest   spectrum  colors   from  the   sensation   curves   have 
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been  picked  out ;  they  may  easily  be  found  in  the  color  triangle. 
They  are  the  spectral  colors  nearest  the  vertical  axes  of  the 
figure,  namely,  the  blue  at  0.4800^1,  the  green  at  0.5060/x,  and  a 
red  beyond  the  end  of  the  spectrum,  in  other  words  a  red  as 
near  the  end  of  the  spectrum  as  feasible.  As  the  hue  changes 
very  little  or  not  at  all  beyond  0.64/x  any  red  beyond  that  point 
fulfills  the  requirements. 

There  is  however  another  basis  upon  which  selection  of  a  red, 
green  and  blue  might  be  made.  It  is  evident  from  the  color 
triangle  that  the  lines  joining  the  three  purest  colors  (from  the 
sensation  standpoint)  lie  at  different  distances  from  the  spectrum 
curve  on  the  yellow  and  on  the  blue-green  side.  This  means 
that  the  yellows  formed  by  the  mixture  of  this  red  and  green  are 
much  more  diluted  with  white  than  are  the  blue-greens.  From 
the  standpoint  of  securing  the  most  saturated  colors  by  mixture, 
therefore,  a  better  choice  might  be  made.  The  three  colors 
forming  the  triangle  which  is  symmetrically  placed  with  respect 
to  the  spectrum  are  the  colors  indicated.  They  are  the  red  and 
blue  ends  of  the  spectrum  (or  as  near  as  it  is  feasible  to  work) 
and  the  green  at  about  0.52/z.  These  are  the  primaries  for  three- 
color  photography. 

The  positions  of  a  number  of  artificial  illuminants  are  marked 
in  the  triangle.  These  are  calculated  from  measurements  in 
which  "white"  is  taken  as  the  spectral  distribution  of  energy  as 
calculated  in  a  ''black  body"  or  completely  radiating  incandescent 
solid  at  5,000°  absolute  temperature.  In  default  of  a  better  defi- 
nition of  white  light  this  is  here  used. 

INSTRUMENTAL    MEANS    FOR    OBTAINING    SPECIAL    RADIATIONS. 

Radiation  of  limited  range  of  wave-length  may  be  obtained  in 
any  one  of  three  ways,  or  by  combinations  of  these.  The  first  is 
by  choosing  a  radiator  which  emits  only  the  radiation  desired. 
Xo  radiators  exist  which  emit  only  a  single  wave-length,  a  single 
band  in  the  visible  spectrum,  or  two  or  three  wave-lengths  in  just 
the  position  and  proportion  to  meet  the  present  demands.  Only 
by  using  such  radiators  as  approach  this  character,  with  proper 
auxiliary  apparatus,  can  the  desired  end  be  achieved.  The  sec- 
ond way  is  by  spectroscopic  analysis  and  synthesis,  whereby  the 
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requisite  radiations  are  separated  or  combined  as  desired.  The 
third  is  by  the  use  of  absorbing  screens  to  obstruct  the  undesir- 
able radiations. 

Two  g'eneral  methods  of  spectroscopic  analysis  might  be  used 
to  produce  radiation  suitable  for  photometric  purposes.  One 
method  is  by  projection  of  the  light  upon  a  screen,  the  other  by 
receiving  the  light  directly  into  the  eye  from  the  apparatus, — in 
which  case  the  photometric  screen  is  the  prism  face  itself.  The 
principle  of  the  first  method  is  illustrated  by  assuming  a  number 
of  spectroscopes,  each  of  which  projects  through  an  ocular  slit 
a  different  portion  of  the  spectrum  upon  a  diffusing  screen. 
This  method,  however,  may  be  much  simplified  in  its  practical 
carrying  out. 

A  and  B  (Figure  4)  show  diagrammatically  two  ways  of  pro- 
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jecting  portions  of  spectra.  In  the  upper  diagram  A  is  a  spectro- 
scope (shown  with  direct  vision  prism  for  convenience)  ;  a  is  the 
slit,  before  which  is  placed  the  light  source  containing  the  de- 
sired and  undesired  radiations.  At  b  is  formed  a  spectrum  on 
an  opaque  plate  in  which  are  cut  slots  corresponding  in  position 
to  the  desired  wave-lengths  and  in  width  to  the  quantity  needed 
of  each.  Over  these  slots  is  placed  a  lens  of  such  focal  length 
as  to  focus  an  image  of  the  prism  face  upon  a  screen,  S.     This 
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image  of  the  prism  face  is  formed  by  the  mixture  of  the  radia- 
tions passed  hy  the  slots  and  by  those  alone.  Such  is  the 
arrangement  used  by  Abney  in  his  color  patch  apparatus,  for 
studying  color  mixture. 

In  the  second  diagram  (B)  is  an  alternative  form  available 
where  the  light  source  is  extended.  Here  the  slots  are  at  the 
end  near  the  source ;  the  mixed  light  is  formed  at  the  single  slit, 
b,  and  projected  as  before  upon  the  screen,   S. 

In  C  (Figure  4)  the  arrangement  just  described  is  shown  as 
used  for  direct  observation  of  the  prism  face.     The  eye  is  placed 
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at  the  single  slit,  b,  where  it  receives  all  the  light  coming  through 
the  prism  from  the  slits  at  a.  This  is  the  arrangement  used  by 
Maxwell  in  his  "color  box."  Its  chief  advantage  lies  in  the  fact 
that  the  apparent  illumination  of  the  prism  face  is  much  greater 
than  it  is  possible  to  obtain  on  an  outside  screen.  This  method 
can  only  be  used  with  an  extended  source  or  with  several  sources 
placed  over  the  slits,  a. 

In  any  of  these  devices  the  quantity  of  each  radiation  may  be 
controlled  by  any  ordinary  means  for  reducing  intensities,  such 
as  absorbing  screens  or  sectored  disks  over  the  appropriate  slits. 
In  many  cases  the  simplest  control  is  by  altering  the  widths  of  the 
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slits  corresponding-  to  the  separate  wave-lengths  or  spectral  re- 
gions. 

In  practice  great  care  must  be  taken  to  avoid  the  effects  of 
scattered  light.  For  illustration,  in  the  arrangement  C  (Figure 
4)  each  slit  at  a  forms  a  spectrum  at  b,  but  only  a  portion  of 
each  spectrum  is  used.  The  remaining  light  in  its  passage  through 
the  instrument  is  scattered  and  reflected  from  various  surfaces, 
so  as  to  form  a  veil  of  light  of  different  color  from  that  which  is 
alone  needed  from  the  slit  in  question.  This  trouble  becomes  es- 
pecially marked  when  the  desired  radiation  is  faint  compared 
with  the  others  from  the  same  source.  If  one  attempts  in  this 
manner  to  obtain  the  red  light  from  a  quartz  mercury  arc,  which 
is  furnished  by  a  very  faint  spectral  line,  it  is  necessary  to  have 
the  arc  so  intense  or  the  instrument  slit  so  wide  that  the  other 
radiations  (yellow,  green  and  blue)  are  of  overpowering  bright- 
ness and  the  light  scattered  from  them  almost  completely  blots 
out  the  red  light. 

The  only  easy  escape  from  this  difficulty  is  in  the  use  of 
colored  absorbing  glasses  over  each  of  the  slits.  Aione,  as  noted 
below,  these  do  not  transmit  light  of  sufficient  purity  for  spectro- 
scopic purposes,  but  glasses  can  usually  be  selected  which  will 
transmit  only  light  of  a  quality  near  that  of  any  one  wave-length, 
and  to  prevent  scattered  light  such  glasses  are  applicable  as 
auxiliaries  *  to.  a  spectroscopic  device. 

While  in  theory  spectroscopic  devices  are  ideal  for  separating 
radiations,  they  all  labor  under  the  disadvantage  that  consid- 
erable light  is  lost  by  reflection  on  the  various  surfaces,  and 
by  absorption  in  prisms  and  lenses.  This  loss  may  easily 
amount  to  fifty  per  cent. 

Finally  in  considering  the  question  of  absorbing  media,  such 
as  colored  glasses,  it  will  be  found  that,  generally  they  transmit 
broad  and  ill  defined  spectral  regions,  as  has  been  remarked, 
and  alone  are  unsuitable  for  securing  definite  wave-lengths  or 
wave-length  intervals.  They  may,  however,  be  used  in  conjunc- 
tion with  sources  giving  line  spectra,  for  separating  out  the 
light  from  a  single  line  or  for  preventing  scattered  light  as  de- 
scribed above.  Certain  substances  have  peculiar  properties  which 
make  them  of  great  assistance  in   special  cases.     For  instance, 
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water  has  the  property  of  absorbing  quite  completely  a  large 
part  of  the  infra-red  or  heat  radiation;  glass  obstructs  the  ex- 
treme ultra-violet ;  and  the  salts  of  the  rare  earths  such  as 
neodymium  have  peculiar  narrow  absorption  bands  which  some- 
times make  possible  the  obstruction  of  individual  wave-lengths  in 
line  spectra  such  as  the  mercury  arc. 

THE    MEASUREMENT    OF    RADIATION     AND    LIGHT. 

Both  radiation  and  light  are  capable  of  measurement,  each 
with  a  degree  of  accuracy  dependent  on  the  quantity  available 
for  measurement  and  upon  the  methods  and  conditions  of 
measurement.  Presently  it  is  essential  that  the  quantity  of 
energy  and  the  quantity  of  light  to  which  it  corresponds  shall 
each  be  of  such  an  order  of  magnitude  as  to  be  easily  and  ac- 
curately measured  by  the  instruments  and  methods  suitable  for 
each  kind  of  measurement. 

First  let  the  measurement  of  radiated  energy  by  the  bolom- 
eter be  considered.  In  order  to  obtain  an  idea  of  the  conditions 
that  actually  hold,  reference  is  best  made  to  a  practical  example, 
in  which  use  is  made  of  the  present  knowledge  of  the  radiated 
power  corresponding  to  luminous  flux.  A  classic  illustration 
of  the  measurement  of  radiated  power  is  Angstrom's  determina- 
tion of  the  mechanical  equivalent  of  the  visible  radiation  of  the 
Hefner.  In  making  this  determination  there  was  involved  a 
measurement  of  the  power  per  square  centimeter  at  a  distance 
of  one  meter — a  quantity  which  was  found  to  be  0.00009  watt, 
with  an  error  of  less  than  3  per  cent.  Since  this  measurement 
was  made,  more  sensitive  bolometers  have  been  constructed  and 
attention  has  been  directed  toward  producing  more  nearly  ideal 
surfaces  or  enclosures  for  receiving  radiation  in  consequence  of 
which  a  still  greater  accuracy  might  confidently  be  expected 
upon  a  redetermination.  This  may,  however,  be  taken  as  a 
reference  mark;  that  is,  at  least  0.0001  watt  per  square  cm.  of 
radiation  should  be  demanded — and  preferably  more,  in  order 
that  the  measurement  of  radiation  as  radiation  shall  be  practica- 
ble, and  shall  approach  the  one-half  per  cent,  accuracy  attain- 
able on  the  photometric  side. 

In  the  case  of  the  Hefner  the  total  radiation,  visible  and 
invisible,   was   measured,   while   in   this   paper   the   measurement 
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of  visible  radiation  alone  is  considered.  How  nearly  does 
this  quantity — 0.0001  watt/cm2  —  correspond  to  the  energy 
radiated  as  visible  light  in  any  practical  illuminant.  Ac- 
cording to  recent  calculations  the  most  efficient  possible 
light — that  is,  the  one  corresponding  to  the  smallest  quan- 
tity of  radiated  power,  for  the  largest  measured  brightness — 
would  be  given  by  the  green  radiation  of  the  mercury  arc,  and 
this  would  correspond  to  800  lumens  per  watt.1  In  a  labora- 
tory experiment  recently,  the  green  light  from  a  small  quartz 
mercury  arc  7  cm.  in  length  was  measured,  the  green  radiation 
being  separated  by  absorbing  screens  which  will  be  mentioned  later. 
From  this  arc  approximately  50  candle-power  of  green  radiation  is 
obtainable.  This  illuminating  surface  at  20  cm.  distance  (where 
the  illumination  would  be  very  close  to  uniform  over  an  area 
large  enough  for  either  photometric  or  bolometric  work)   would 

1                                                       watts  .      . 

give  0.125  lumen  per  sq.  cm.  or  0.00015 r.     This   is  larger 

than  the  quantity  measured  by  Angstrom,  indicating  that  in  this 
case  sufficient  visible  radiation  can  be  obtained  to  measure 
quantitatively  as  radiation,  with  an  accuracy  approaching  that 
necessary.  With  a  large  quartz  arc — such,  for  instance,  as  those 
being  introduced  for  street  lighting,  much  more  energy  would 
be  available,  which  in  turn  could  be  nearly  doubled  by  the  use 
of  mirrors,  consequently  considerably  greater  certainty  of  meas- 
urement is  to  be  expected.  The  case  considered,  too,  is  that  of 
the  most  efficient  radiation :  with  less  efficient  radiation  the 
quantity  of  energy  would  be  larger ;  that  is,  the  most  unfavorable 
case  has  been  considered.  The  illumination  corresponding  to 
this  radiation  is  1,000  meter  candles  and  over,  a  quantity  so  large 
as  illumination  as  to  present  no  difficulty  of  measurement  as 
light.  It  would  in  fact  need  to  be  reduced  by  sectored  disc  or 
other  ordinary  method  for  reducing  illumination  to  make  meas- 
urement easy,  but  this  presents  no  difficulty  and  there  is  no  ob- 
jection to  so  doing. 

Considering  next  the  question  of  the  measurement  of  light 
as  such,  the  question  of  the  intensity  of  illumination  most  de- 
sirable must  be  met,  and  it  is  necessary  to  know  the  relationship 

1  Discussion  of  paper  on  Luminous  Efficiency,  Chicago  section,  Jan.  13,  1911, 
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between  the  accuracy  of  measurement  and  the  quality  of  light. 
As  long  as  the  standard  and  the  light  to  be  measured  are 
identical  in  spectral  composition,  the  choice  of  conditions  or 
methods  of  measurement  is  of  comparatively  small  import.  With 
lights  of  the  same  color  and  spectral  composition,  the  photom- 
etry being  carried  on  at  comfortable  illuminations,  an  accuracy 
of  one-half  per  cent,  may  be  expected,  using  the  Lummer-Brod- 
hun  contrast  photometer.  For  the  present  this  may  be  taken 
as  the  limiting  accuracy  necessary  for  all  the  measurements  con- 
nected with  a  standard  of  light. 

With  lights  of  different  colors  the  situation  is  much  more 
complicated.  The  change  in  relative  brightness  due  to  changes 
in  the  illumination  is  encountered  (Purkinje  and  allied  effects), 
also  the  difficulty  of  choosing  a  method  of  measurement,  and 
finally  the  differences  in  color  vision  which  exist  even  between 
"normal"  observers.  All  these  difficulties  increase  as  the 
difference  in  color  increases.  The  Purkinje  and  similar  effects 
are  the  easiest  evaded,  for  it  is  only  necessary  to  work  at  a  mod- 
erately high  illumination — ten  meter  candles  or  above — to  be 
well  beyond  the  range  of  illuminations  in  which  the  relative 
brightness  of  different  colors  varies  seriously.  The  choice  of  a 
method  or  instrument  of  measurement  is  more  difficult.  Two 
methods  only  are  seriously  to  be  considered,  namely  the  "equality 
of  brightness"  and  the  "flicker."  Of  these  the  latter  is  consid- 
erably the  more  sensitive  and  reliable.  While  the  relationship 
between  the  criteria  of  these  two  methods  is  still  not  entirely 
settled,  nor  is  it  decided  as  yet  which  more  properly  deserves 
to  be  adopted  as  "right,"  it  is  probable  that  only  by  the  use  of 
the  flicker  method  may  be  attained  the  accuracy  for  comparing 
lights  of  very  different  color,  even  should  it  be  decided  best  to 
apply  a  correction  factor  to  its  readings.  Lights  as  different 
in  color  as  the  green  mercury  radiation  and  the  4-watt  lamp 
may  be  measured  by  the  flicker  photometer  within  an  error  of 
1  per  cent. 

The  differences  in  color  vision  between  different  observers 
present  by  far  the  most  serious  obstacle  to  the  establishment  of 
standards  much  different  in  color  to  existing  ones.  Xo  matter 
what  the  method  of  photometry,  there  is  no  way  to  escape  this 
difficulty  short  of  calling  upon  a  very  large  number  of  observers 
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of  color  vision  found  "normal"  by  test,  and  accepting  the  mean 
of  their  measures  as  that  of  the  average  eye.  Doubtless  such 
a  process  will  ultimately  have  to  be  gone  through,  if  the  en- 
deavor for  accuracy  and  for  standards  of  ideal  character  is 
carried  to  its  logical  end.  It  is  important  to  know  how  great 
these  differences  may  be  in  extreme  cases.  From  data  recently 
given  by  the  writer,  on  the  luminosity  curves  of  the  spectrum 
as  obtained  by  five  different  observers  of  "normal"  color  vision, 
it  appears  that  differences  of  as  much  as  fifteen  per  cent,  maybe 
found  when  monochromatic  light,  such  as  the  green  mercury 
radiation,  is  measured  against  the  present  "4-watt"  lamp  stand- 
ard. With  smaller  color  difference,  the  difference  in  measured 
values  would  be  less;  consequently  there  is  great  practical  ad- 
vantage in  having  standards  near  the  quality  of  the  lights  to 
be  measured. 

Thus  far  attention  has  been  devoted  to  a  consideration  of 
the  methods  of  study,  the  methods  of  measurement,  the  tools 
and  finally  the  varied  difficulties  connected  with  any  attempt  to 
establish  a  standard  of  luminous  intensity  specified  in  terms 
of  quantity  of  radiation.  It  has  been  observed  that  the  radiation 
corresponding  to  luminous  flux  is  measurable  by  radiation  met- 
ers, with  some  approach  to  the  desirable  accuracy,  that  is,  with 
good  prospect  of  attaining  the  accuracy  of  'the  photometric 
measurement.  Radiation  from  existing  radiators  it  is  found 
may  be  analyzed  and  the  analyzed  parts  afterward  combined 
to  produce  special  types  of  radiation  to  suit  any  theoretically 
desirable  scheme,  but  that  these  analyses  are  subject  to 
varying  degrees  of  practical  difficulty.  From  the  study  of 
color  mixture  and  measurement,  and  the  study  of  quantitative 
light  measurement,  it  will  be  found  that  different  degrees  of 
accuracy  and  of  feasibility  pertain  to  the  use  of  different  char- 
acters of  radiation.  The  farther  a  special  type  of  standard  de- 
parts in  spectral  composition  from  the  illuminants  to  be  meas- 
ured, the  greater  will  be  the  difficulties  in  its  measurement  as 
light. 

In  the  light  of  this  knowledge,  the  various  radiation  stand- 
ards which  have  been  outlined  above  remain  to  be  considered. 
On  the  theoretical  side  desirability  will  be  largely  determined  by 
the  simplicity  of  the  power-light  relationship.     On  the  practical 
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side  desirability  will  be  largely  determined  by  the  possibility  of 
isolating  the  desired  radiations,  and  by  the  ease  of  measure- 
ment, both  as  radiation  and  as  light. 

1.  Standards  whose  light  consists  of  a  continuous  spectrum. 
— Such  would  be  furnished  by  incandescent  solids,  either  the 
carbon  particles  in  flames,  the  glowing  surface  of  an  incandes- 
cent mantle,  the  filament  of  an  incandescent  lamp,  or  the  in- 
terior of  a  furnace  at  high  temperature,  i.e.,  a  black  body.  The 
chief  characteristic  of  these  sources  of  light  is  the  very  large 
amount  of  invisible  or  infra-red  radiation,  amounting  to  from 
20  to  100  times  the  visible  in  quantity.  The  first  class  of  these 
standards   are : 

a.  Those  specified  by  the  quantity  of  total  radiation. — The 
chief  advantage  of  standards  possessing  continuous  spectra  is 
that  they  may  be  chosen  of  very  near  the  color  and  spectral 
composition  of  most  of  the  present  illuminants.  The  problems 
of  photometry  are  comparatively  simple,  at  least  for  the  present, 
and  as  long  as  heterochromatic  photometry  remains  a  compara- 
tively unknown  province,  standards  which  almost  entirely  avoid 
facing  that  problem  will  undoubtedly  possess  a  great  advantage. 
If,  however,  the  practical  illuminants  become  very  diverse  in 
color  this  advantage  cannot  continue  to  pertain  to  so  great  a 
degree  to  continuous  spectrum  standards.  The  special  advan- 
tages of  measuring  the  total  quantity  of  radiation  are  two, — 
first,  the  problem  of  separating  out  special  radiations  does  not 
have  to  be  faced ;  second,  the  quantity  of  energy  available  for 
measurement  is  quite  large,  which  helps  toward  accuracy. 

The  disadvantages  are  several.  There  is  no  necessary 
or  fixed  connection  in  such  a  standard  between  the  visi- 
ble and  the  total  radiation,  that  is,  between  the  radiation  and 
the  light.  Taking  any  one  standard  of  this  type,  such  as  a  flame, 
both  the  total  radiation  and  the  light  will  vary  with  conditions, 
and  it  is  not  true  in  general  that  both  will  vary  together.  In 
the  case  of  flames  where  a  large  part  of  the  variation  is  due  to 
the  varying  size  of  the  flame  while  burning,  this  may  be 
nearly  the  condition.  Sharp  has  done  some  interesting  work 
on  flame  standards  by  following  the  simultaneous  changes 
of  light  and  total  radiation.  This  work,  however,  was  not  quan- 
titative  in  the  sense  here  considered,   for  the  absolute  quantity 
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of  radiation  was  not  measured  as  it  might  be.  In  the  case  of 
an  incandescent  lamp,  measurement  of  total  radiation  would  cer- 
tainly not  be  a  reliable  means  of  fixing  the  quantity  of  light  be- 
cause an  increase  of  power  input  (and  output)  means  an  in- 
creased efficiency  or  change  in  the  ratio  of  visible  to  total  radia- 
tion. This  leads  to  the  etatement  of  the  most  fundamental 
theoretical  objection  to  attempting  to  specify  a  standard  light 
of  this  type  by  the  quantity  of  radiation  ;  namely,  that  such  a 
specification  would  hold  only  for  one  particular  source  at  a  defi- 
nite temperature.  A  40-watt  tungsten  lamp  gives  more  light 
than  a  40-watt  carbon ;  a  radiator  at  a  high  temperature  has 
more  visible  radiation  than  a  radiator  at  a  low  temperature  giv- 
ing the  same  quantity  of  radiation.  In  other  words,  the  rela- 
tionship between  radiation  and  light  is  not  a  universal  or  unique 
one.  It  is  at  once  evident  that  this  fact  makes  it  impossible  to 
specify  such  a  standard  by  quantity  of  radiation  alone.  Other 
variables, — either  the  composition  of  the  radiator,  or  its  di- 
mensions, or  its  temperature,  or  the  equivalent  of  temperature — 
must  enter  in.  A  specification  of  this  type  would  be  somewhat 
as  follows :  One  watt  per  square  cm.  of  the  radiation  of  a 
black  body  (or  other  radiator)  at  a  temperature  of  a  degrees, 
is  one  lumen.  Perhaps  the  simplest  specification  of  this  type 
would  be:  the  unit  of  candle-power  shall  be  the  brightness  of  an 
aperture  of  unit  area  in  a  black  body  radiating  energy  at  a  cer- 
tain rate,  the  latter  to  be  measured  by  a  bolometer.  This  speci- 
fication fixes  the  temperature  by  the  other  variables.  It  cannot 
be  claimed  that  there  is  in  this  case  any  apparent  advantage  in 
introducing  the  radiation  measurement. 

b.  Continuous  spectrum  standards  specified  by  the  quantity  of 
z'isiblc  radiation. — These  standards  would  differ  from  those  just 
considered  in  having  the  infra-red  absorbed  or  obstructed  by 
one  of  the  means  considered  above.  In  photometric  work  they 
would  possess  the  same  advantage  as  those  because  of  their 
spectral  character.  One  disadvantage  pertaining  to  the  ones 
just  considered  would  not  be  present,  namely,  fluctuations  in  the 
infra-red  independent  of  the  visible  radiation  would  have  no 
effect  on  the  measurement  of  the  total  radiation.  But  one  of 
the  most  serious  objections  remains:  there  is  no  unique  connec- 
tion between  quantity  of  radiation  and  light.     Each  illuminant. 
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depending  on  its  color,  would  have  a  different  light-power  re- 
lationship. This  reiterates  the  fact  on  which  the  author  laid 
emphasis  in  a  previous  paper:  the  "mechanical  equivalent"  of  light 
is  a  function  of  the  quality  of  the  light,  varying  from  800  lumens 
per  watt  for  a  yellow-green  light  to  perhaps  5  lumens  per  watt 
for  a  Hefner.  Consequently  the  radiation  corresponding  to  one 
lumen  of  "Hefner  light"  would  be  much  more  than  that  cor- 
responding to  one  lumen  of  "tungsten  light."  This  would  ne- 
cessitate, as  before,  the  specification  of  other  variables  such  as 
temperature.  Here  too,  for  the  first  time,  is  encountered  the 
difficulty  of  separating  the  desired  radiation.  This  might  be 
done  spectroscopically  by  one  of  the  means  diagrammed  above. 
In  this  case  a  serious  difficulty  would  be  encountered  because 
of  the  large  quantity  of  energy  radiated  in  the  deep  red  or 
ordinary  illuminants.  The  slightest  displacement  of  the  ob- 
structing screen  would  cause  an  error  in  radiation  measurement 
much  larger  than  the  photometric  errors  and  would  yet  cause 
no  noticeable  change  in  the  quantity  of  light.  The  use  of  an 
absorbing  screen  such  as  water  would  simplify  this  problem, 
but  at  the  expense  of  the  definiteness  of  the  spectral  separation. 
A  practical  disadvantage  of  this  type  of  standard  over  the  prev- 
ious one  would  be  the  much  smaller  quantity  of  radiation  avail- 
able for  measurement. 

The  advantages  to  be  expected  from  a  standard  specified  thus 
do  not  appear  large.  In  fact,  both  the  types  just  considered 
appear  on  analysis  to  be  incapable  of  complete  specification  by 
quantity  of  radiation,  and  hence  do  not  completely  conform  to 
the  characteristics  that  have  been  formulated  for  the  third  class 
of  standards.  In  fact  it  is  only  in  the  next  examples  to  be 
taken  up — standards  composed  of  spectral  lines — that  standards 
conforming  completely  to  these  characteristics  will  be  found. 

2.  Standards  consisting  of  isolated  wave-lengths. — Such  stand- 
ards would  be  furnished  most  feasibly  by  radiators  like  metallic 
arcs  whose  spectra  consists  of  isolated  colored  lines.  The  need- 
ful lines  may  be  separated  by  absorbing  screens  or  by  spectro- 
scopic means.  A  large  number  of  metallic  arcs  are  available, 
of  varying  degree  of  ease  of  working,  of  brightness  and  of 
steadiness.  The  fused  quartz  arcs  of  zinc,  cadmium,  mercury 
and    several    other    metals    of    low    melting-point    are    the    most 
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promising  for  a  problem  of  this  sort.  Spectroscopic  means  may 
also  be  employed  to  isolate  narrow  bands  of  colored  light  from 
sources  whose  spectra  are  continuous,  in  case  no  naturally  iso- 
lated radiation  of  a  desired  wave-length  can  be  found;  but  as  a 
rule  this  is  very  undesirable  because  of  the  great  loss  of  light. 

a.  Standards  consisting  of  three  spectral  lines,  whereby  white 
and  all  other  colors  may  be  matched. — There  are  undoubted  ad- 
vantages in  possessing  standards  of  nearly  the  same  color  as 
the  ordinary  illuminants  to  be  measured,  that  is,  those  varying 
from  a  yellow-white  to  white.  The  most  general  way  to  secure 
this  condition  without  using  a  complete  spectrum  is  to  use  three 
wave-lengths — red,  green  and  blue.  Steinmetz  has  suggested 
the  use  of  red,  green  and  blue  lines  from  the  mercury  arc,  so 
mixed  as  to  make  a  white  or  a  yellowish  white,  the  intensity 
being  specified  in  terms  of  the  total  quantity  of  radiation.  He 
further  suggests  using  the  mixing  proportions  of  these  three 
colored  lights  as  a  measure  of  the  color  of  the  illuminant. 

Approaching  the  problem  from  the  start,  without  reference  to 
previous  suggestions  or  the  question  of  practicability,  the  first 
matter  to  invite  consideration  is  the  choice  of  the  best  three  wave- 
lengths. As  noted  above  there  are  two  bases  for  selec- 
tion, one  from  the  standpoint  of  purity  in  respect  to  the  primary 
sensations,  the  other  from  the  standpoint  of  purity  in  respect  to 
color  mixture. 

The  primaries  from  the  first  standpoint  are  a  red  of  greater 
wave-length  than  0.64/1,  a  green  of  wave-length  0.506/*,  a  blue 
of  wave-length  0.48/1.  It  is  of  some  interest  to  note  that  almost 
exactly  these  wave-lengths  are  furnished  by  an  arc  between 
cadmium  electrodes.  It  is  of  further  interest  to  recall  that  these 
three  cadmium  lines,  red  (0.6439/1),  green  (0.5086/1)  and  blue 
(0.4800/1)  are  the  standards  of  wave-length,  in  terms  of  which 
the  standard  meter  bar  at  Paris  has  been  calibrated  by  Michel- 
son.  Should  a  three-line  standard  ever  be  considered  seriously 
it  would  be  worth  while  pondering  upon  the  advisability  of  hav- 
ing the  same  source  which  furnishes  our  ultimate  standard  of 
length  furnish  our  ultimate  standard  of  luminous  intensity  as 
well. 

The  only  reason  that  could  be  urged  for  considering  the  other 
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set  of  three-lines — the  ones  to  form  mixtures  with  the  least  dilu- 
tion with  white — would  be  that  the  three  just  considered  will  not 
mix  to  produce  an  exact  match  with  the  yellower  of  the  present 
illuminants,  for  instance,  the  Hefner,  which  in  the  triangle  lies 
outside  the  straight  line  joining  the  primary  red  and  green. 
This  objection  would  only  be  of  moment  were  it  proposed  to 
actually  match  the  measured  illuminant  or  make  measurements 
of  its  color  in  terms  of  the  three-colors, — a  proposition  for  which 
little  support  will  be  found.  Moreover,  there  is  no  arc  source  giv- 
ing the  three  wave-lengths  that  would  be  chosen  for  color  mixture 
(0.64/1+,  0.52^,  o.45/x— )  so  that  it  has  not  the  element  of 
feasibility  to  be  found  in  the  cadmium  primary  standard. 

Xow  as  to  the  advantages  and  disadvantages  of  a  three-line 
standard :  one  theoretical  objection  stands  out  clearly.  It  is, 
the  same  one  found  for  continuous  spectrum  standards,  that  is, 
there  is  no  unique  power-light  relationship.  The  quantity 
of  radiation  for  a  given  quantity  of  light  depends  upon  the 
particular  red,  green  and  blue  chosen,  for  the  efficiency  of  a  sub- 
jective white  varies  with  its  composition.  There  must  therefore 
be  added  to  the  specification  of  the  quantity  of  radiation,  the 
specification  of  the  wave-lengths  used,  and,  as  well,  the  relative 
quantities  of  each  kind  of  radiation.  The  latter  requirement  is 
exactly  parallel  with  the  specification  of  temperature  in  the  cases 
just  considered.  That  is,  we  cannot  merely  specify  "a  three- 
color  white  composed  of  so  much  radiated  power."  The  nearest 
approach  to  making  this  kind  of  white  of  fundamental  character 
would  be  to  specify  a  three-color  white,  made  by  mixture  of  the 
three  colors  of  the  spectrum  nearest  the  primaries,  in  a  certain 
proportion,  giving  radiation  in  a  certain  quantity.  Practically 
this  might  be  achieved  by  the  use  of  the  cadmium  arc. 

Another  basis  of  selection  of  one  mixture  over  another  might 
be  that  of  efficiency ;  for  instance,  the  most  efficient  possible  three- 
color  white  might  be  selected.  As  a  matter  of  fact,  how- 
ever, an  attempt  to  discover  the  most  efficient  three-color  white 
shows  that  this  practically  degenerates  into  a  two-color  white ; 
in  other  words,  the  most  efficient  way  to  secure  a  mixed  white  is 
to  approach  two  of  the  three  lines  (red  and  green)  toward  the 
most  luminous  part  of  the  spectrum  till  they  coalesce.     The  basis 
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of  efficiency  consequently  need  only  be  considered  in  connection 
with  two-color  white  standards. 

The  question  of  practicability  looms  large  in  the  three-line 
standard.  Decision  must  be  made  as  to  the  relative  amount 
of  red,  green  and  blue  that  are  to  be  used.  Assuming  that  these 
may  be  easily  regulated  by  instrumental  means,  the  difficulty  still 
remains  that  different  quantities  will  be  required  by  different  people, 
so  that  the  quantity  of  radiation  corresponding  to  a  given  bright- 
ness will  be  different  for  different  observers.  In  short  here  are 
encountered  the  difficulties  due  to  difference  in  color  vision  in  a 
form  one  degree  more  aggravated  than  in  continuous  spectrum 
standards,  for  they  appear  even  when  a  perfect  color  match  can 
be  made.  Should  the  standard  be  made  white  it  would  in  color 
vary  greatly  from  most  artificial  illuminants,  and  the  difficulty 
of  making  brightness  measurements  would  be  somewhat  serious. 
Should  it  be  made  yellowish,  or  a  hue  near  that  of  present  il- 
luminants, a  further  arbitrary  element  would  be  introduced  into 
the  specification. 

The  greatest  difficulty  would  perhaps  be  that  of  producing, 
separating  and  adjusting  the  proportion  of  the  three  radiations. 
It  is  doubtful  whether  any  one  metallic  arc  or  any  other  source 
exists  from  which  three  radiations,  red,  green  and  blue,  could 
be  obtained  in  sufficient  intensity  to  leave  sufficient  quantity 
to  measure  accurately  after  the  process  of  spectroscopic  separa- 
tion and  recombination.  The  cadmium  arc  is  not  of  as  high 
intrinsic  brightness  as  would  be  advisable.  The  quartz  mercury 
arc,  while  furnishing  a  green  and  blue  line  of  considerable  in- 
tensity, furnishes  a  red  line  of  such  small  intensity  that  radio- 
metric measurement  has  not  been  found  possible.1  The  green 
and  blue  lines  from  a  mercury  arc  and  the  red  line  of  a  cadmium 
arc  might  be  a  solution,  but  the  practical  difficulties  would  be 
immense.  Separation  of  three  lines  by  color  screens  is  practi- 
cally out  of  the  question,  for  in  all  actual  cases  of  red,  green  or 
blue  lines,  there  are  other  neighboring  lines  in  the  spectra  too 
close  to  be  separated  in  that  way.  A  spectroscopic  device  with 
three  slits  is  therefore  indispensable  and  this  means  loss  of 
radiation,  already  small  for  measurement.     Having  separated  the 

1  Ladenburg:  Phys.  Zeit.,  1904,  p.  525. 
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three  radiations,  the  most  delicate  problem  of  all  arises,  namely, 
that  of  securing  the  proper  relative  amounts  of  the  three.  This, 
of  course,  means  making  three  radiation  measurements,  and  un- 
less the  source  or  sources  are  of  excellent  steadiness,  these  three 
measurements  should  be  made  simultaneously  with  the  measure- 
ment of  the  total  radiation  and  of  light.  To  those  who  have 
worked  with  spectroscopic  and  radiometric  apparatus  and  with 
metallic  arcs,  the  mere  statement  of  these  working  requirements 
is  sufficient  to  indicate  a  problem  of  almost  helpless  complexity, 
quite  apart  from  the  difficulties  of  the  measurement  as  light. 

The  relative  quantities  of  these  three  radiations  which  would 
make  white  (for  a  normal  eye)  may  be  calculated  for  any 
special  case,  for  instance  the  three  cadmium  lines,  or  the  red, 
green  and  blue  mercury  lines.  To  do  this,  use  can  be  made  of  the 
color  sensation  curves,  in  conjunction  with  the  energy  curve  of 
white  light.  For  the  cadmium  wave-lengths  we  find  that  to  1 
part  of  green  radiation  as  it  occurs  in  white  light  must  be  added 
1.1  parts  of  red,  and  1.2  parts  of  blue.  In  radiation  quantities 
these  correspond  to  1  part  of  green,  1.11  parts  of  red,  1.15  parts 
of  blue.  The  efficiency  of  this  three-color  white  is  slightly  over 
30  per  cent,  of  the  highest  possible  efficiency,  and  hence  would  be 
about  240  lumens  per  watt.  For  the  mercury  lines  the  radiation 
proportions  are  10.4  red  (at  least1),  1  green,  and  1.15  blue;  its 
efficiency  would  be  only  a  little  over  9  per  cent,  or  7$  lumens  per 
watt. 

In  the  following  table  are  shown  the  percentages  of  the  total 

radiation  due  to  the  three  components  of  each  of  these  three- 

Table  I. 
Mercury  arc,  wave-lengths,  0.69/u,  0.546/u,  0.436/x 

Light  Radiation 

Red 0.69/x                       3.5',  83.5% 

Green 0.546/u                     92.1  8.5 

Blue 0.436//.                       4.4  8.0 

Cadmium  arc,  wave-lengths,  0.644/*,  0.509/i,  0.480/* 

Light  Radiation 

Red 0.644/01                      17.6';  34-ofo 

Green 0.509/1                      54.2  30.7 

Blue 0.48/1                        28.2  35.2 

1  (The  luminosity  value  of  this  radiation  is  so  low  that  both  on  the  sensation  and 
luminosity  curves  only  an  estimate  of  its  value  can  be  made.  The  figures  used  above  are 
probably  too  favorable.  1 
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color  whites  with  the  percentage  of  the  total  candle-power  to 
each.  It  appears  that  the  one  using  the  mercury  lines  would  be 
very  undesirable  from  the  fact  that  over  80  per  cent,  of  the  radia- 
tion is  due  to  the  red  line  which  furnishes  less  than  4  per  cent, 
of  the  light.  As  the  quantity  of  radiation  furnished  by  this  line 
has  been  found  too  small  to  measure  radiometrically,  even  in  a 
quartz  arc,  this  white  does  not  appear  feasible,  even  were  it 
theoretically  desirable.  Were  it  possible  to  obtain  sufficient 
radiation,  the  standard  would  be  subject  to  the  defect  that  a 
negligibly  small  variation  in  the  total  radiation  might,  if  it  were 
actually  taking  place  in  the  green  line,  change  the  light  value  by 
a  considerable  fraction.  In  the  cadmium  white  this  defect  is  not 
present  to  anything  like  such  an  extent,  in  fact  the  required 
quantities  of  radiation  are  so  nearly  equal  that  the  specification 
might  with  propriety  be  made  "equal  quantities  of  the  red,  green 
and  blue  cadmium  radiations."  This  would  further  simplify 
the  cadmium  standard. 

A  word  may  be  said  as  to  the  proposal  to  make  the  mixing  pro- 
portions of  the  three  standard  radiations  a  measure  of  the  color 
of  the  illuminant.  One  attractive  but  perhaps  not  very  prac- 
ticable possibility  of  a  three-line  standard  would  be  to  vary  the 
three  radiations  so  as  to  make  an  actual  match  in  color  with  the 
measured  light,  as  well  as  a  match  in  intensity.  If  to  each  radia- 
tion were  given  its  luminosity  value  for  a  normal  eye,  the  sum  of 
these  would  give  the  total  intensity.  This  would  of  course  de- 
mand that  these  luminosity  values  could  be  obtained  for  the 
average  or  normal  eye,  that  they  should  be  known  for  the  ob- 
server making  the  measurement  so  that  the  values  could  be  cor- 
rected to  normal,  and  that  the  arithmetical  summation  of  several 
different  colored  brightness  should  equal  the  measured  bright- 
ness of  the  superposed  radiations.  The  latter  point  can  hardly 
be  considered  settled  with  sufficient  definiteness  at  present  to  be 
confidently  used.  As  to  making  the  mixing  proportions  of  three 
wave-lengths  a  measure  of  the  color,  it  has  been  noted  that 
the  proper  three-color  measurement  does  not  involve  any  par- 
ticular wave-lengths  but  reduces  all  such  measurements  to  the 
more  fundamental  sensations.  Color  measurements  and  bright- 
ness   measurements    are    each    sufficiently    difficult,    and    involve 
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enough     problems,    to    suggest   that    they    are    best     performed 
separately. 

In  summing  up  the  three-line  standard,  it  cannot  be  said  that 
it  is  at  all  promising  as  a  possibility,  nor  does  it  possess  many 
points  of  desirability.  It  does  permit  of  making  a  standard  of 
any  desired  color,  but  its  specification  is  complicated  both  in  the 
radiation-light  relationship,  which  here  is  of  chief  interest,  and  in 
the  manner  of  working  out.  In  the  latter  particular  as  well,  the 
practical  difficulties,  spectroscopic,  radiometric  and  photometric, 
are  exceedingly  discouraging. 

b.  Standards  of  two  spectral  lines — If  the  desideratum  is  to 
produce  a  white  standard,  or  a  standard  of  a  single  tint  such 
as  yellowish  white,  two  spectral  regions  or  lines  are  sufficient. 
The  difficulties  of  working  with  a  two-color  standard  would  be 
materially  less  than  with  a  three-color  standard.  It  is  only 
necessary  to  have  two  suitable  sources  of  radiation  instead  of 
three,  and  the  relative  energy  measurements  would  be  reduced 
from  three  to  two.  The  difficulties  introduced  by  color  vision, 
differences  would  probably  be  of  about  the  same  order  of  magni- 
tude as  with  the  three-line  standard.  The  specification  of  light 
in  terms  of  radiation  is  of  course  simpler,  to  what  degree  will 
be  discussed  in  the  following  summary  of  three  two-line  stand- 
ards. The  three  two-line  standards  are,  first,  the  most  efficient 
one,  i.e.,  the  most  efficient  compound  white  light ;  second,  the 
standard  whose  components  are  best  fitted  to  match  existing  il- 
luminants  by  their  mixture  in  other  than  white  light  proportions ; 
third,  the  standard  formed  of  two  lines  of  the  same  luminous 
efficiency. 

The  first  two-line  standard,  the  most  efficient  one  possible, 
appeals  to  one  from  the  standpoint  of  the  simple  and  funda- 
mental mode  of  specification  in  which  the  light-radiation  is  at 
once  fixed.  Which  pair  of  wave-lengths  correspond  to  this  most 
efficient  white  light  for  the  normal  eye  can  be  determined.  All 
possible  complementaries,  taken  from  the  color  triangle,  are  given 
in  Fig.  5,  while  in  Fig.  6  are  given  their  efficiencies  in  terms  of 
the  highest  possible  (yellow-green  light),  the  longer  wave-length 
of  the  two  (red  side)  being  used  to  indicate  the  pair  of  comple- 
mentaries.    The  efficiency  values  continually  rise  as  the  redder 
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component  becomes  of  shorter  wave-length,  until  near  the  limit 
of  the  spectrum  when  it  drops  again  rapidly.  This  efficiency 
is  probably  about  550  lumens  per  watt,  considerably  higher  than 
the  most  efficient  continuous  spectrum  white  (330  lumens  per 
watt). 

The  second  two-line  standard  is  interesting  from  the  standpoint 
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of  the  color  and  photometric  difficulties.  Inspection  of  the  color 
triangle  of  Fig.  3  reveals  the  interesting  fact  that  all  the  more 
usual  and  agreeable  illuminants,  that  is  the  incandescent  solid 
ones,  lie  nearly  upon  a  straight  line  through  the  center  of  the 
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triangle.  This  means  that  two  complementary  spectrum  colors 
may  be  found  whose  mixture  in  one  proportion  matches  white, 
whose  mixture  in  other  proportions  will  closely  match  our  ordin- 
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ary  illuminants.  With  a  two-line  standard  of  this  character  the 
relative  candle-power  value  of  each  set  of  proportions  might  he 
determined  by  measurements  made  by  numerous  observers. 
Thereafter  the  combination  nearest  in  color  to  the  secondary 
standard  to  be  calibrated  might  be  chosen,  and  the  candle-power 
value  obtained  from  the  quantity  of  radiation,  where  the  ulti- 
mate standard  would  be  the  candle-power  value  of  the  white 
given  by  this  quantity  of  radiation  from  those  wave-lengths. 
Such  a  proposition  would  be  equivalent  to  using  sets  of  cali- 
brated tinted  glasses;  it  is  a  simplification  of  the  possible  manip- 
ulation of  the  three-color  standard  suggested  above.  Its  chief 
advantage  would  be  from  the  standpoint  of  photometric  diffi- 
culties, but  it  is  at  the  sacrifice  of  simplicity  in  the  radiation-light 
relationship.  Wave-lengths  for  a  standard  of  this  type  are 
O.587/K  and  0.486/*.  The  efficiency  of  the  white  combination 
would  be  about  370  lumens  per  watt. 

The  third  two-line  standard,  in  some  respects  the  most  inter- 
esting one,  is  composed  of  two  lines  of  equal  luminous  efficiency, 
i.e.,  equal  brightness  for  the  same  quantity  of  energy.  Por  the 
average  eye  here  assumed,  equal  qualities  of  radiation  wave- 
lengths 0.024/*  and  0.49 }/*  correspond  to  the  same  quantity  of 
light,  and  at  the  same  time  are  complementary.  Xow  the  chief 
interest  of  such  a  combination  as  this  is  that  there  is  no  necessity 
to  specify  the  relative  quantities  of  each  wave-length.  Xo  matter 
in  what  relative  proportions  they  are  taken,  the  light  equivalent 
remains •  constant.  It  is  thus  sufficient  to  secure  the  two  radia- 
tions, combine  them  in  any  convenient  proportions,  and  measure 
the  total  radiation.  Were  these  two  wave-lengths  the  same  as 
those  considered  under  the  second  two-line  standard  it  would  he 
almost  all  that  could  be  desired.  Unfortunately  the  color  quality 
and  the  brightness  quality  are  not  interconnected  in  just  this  way 
in  the  eye.  The  chief  advantage  of  this  third  two-line  standard 
— and  a  very  considerable  one — would  be  that  no  instrumental 
means  would  be  necessary  to  insure  the  proper  proportions  of  the 
two  components;  they  could  be  mixed  to  produce  white  as  usual- 
ly judged,  and  variations  in  different  settings  for  white  or  by 
different  individuals  would  come  in  as  second  order  differences. 
The  efficiency  of  any  combination  of  the  two  wave-lengths  0.624/4 
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and  0.493/*  would  be  33  per  cent,  of  the  maximum  or  about  270 
lumens  per  watt. 

One  phase  has  not  been  fully  discussed  in  dealing  with  these 
two-line  standards  in  their  order,  and  that  is  the  question  of 
practicability,  either  in  the  production  of  these  radiations  or  in 
their  separation.  A  careful  search  through  the  available  metallic 
arcs  has  had  the  disappointing  result  of  showing  that  no  pairs  of 
lines  having  exactly  the  wave-lengths  called  for  are  to  be  found. 
Several  white  light  pairs  may  be  picked,  for  instance  the  mercury 
yellow  lines  0.5770//.  and  the  cadmium  blue  0.4800  /x.  The  more 
interesting  combinations  could  therefore  be  obtained  only  by  cut- 
ting out  portions  of  continuous  spectrum  sources.  This  practi- 
cally amounts  to  ruling  out  these  combinations  on  the  ground 
of  impracticability.  They  deserve  some  attention  however  from 
their  theoretical  interest  and  for  that  reason  have  been  included. 

c.  Standards  consisting  of  one  spectral  line. — Thus  far  there 
has  been  found  but  one  case  of  a  standard  which  could  be 
specified  entirely,  so  far  as  quantity  of  a  variable  is  concerned, 
by  the  quantity  of  radiation,  namely,  the  last  two-line  standard. 
All  except  this  particular  two-line  standard  involve  specification 
of  relative  quantities  of  radiation  at  different  wave-lengths,  or 
temperature,  or  apparatus  dimensions.  On  strict  analysis,  there- 
fore, it  belongs  in  the  third  division  of  our  present  classification, 
and  consequently  none  of  the  others  can  make  the  scientific 
appeal  that  it  can.  In  all  of  the  three  and  two-line  standards  the 
difficulties  of  production,  separation  and  measurement  of  the 
radiations,  both  as  radiation  and  as  light,  are  so  great  as  to  make 
questionable  the  desirability  of  attempting  them. 

In  all  the  standards  so  far  considered  the  advisability  of  the 
the  integral  color  being  white,  or  yellow-white,  has  been  given 
chief  weight.  The  reason  for  this  has  been  the  photometric 
difficulty,  and  great  weight  should  by  right  be  given  to  this, 
since  the  photometric  work  decreases  in  definiteness  and  accuracy 
quickly  when  differences  of  color  occur.  Nevertheless,  in  view 
of  the  very  serious  practical  difficulties  which  are  encountered 
in  endeavoring  to  realize  even  the  simplest  of  these  standards, 
it  is  worth  while  to  study  the  possibility  of  a  one-line  standard,  if 
for  no  other  reason  than  the  chance  that  the  practical  difficulties, 
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other  than  those  of  photometry,  might  be  small  enough  to  coun- 
terbalance these  latter  in  some  measure. 

It  is  in  a  one-line  standard  that  the  simplest  possible  rela- 
tionship between  radiation  and  photometric  brightness  is  at- 
tained ;  and  it  is,  in  one  particular,  in  a  one  line  standard  that  the 
most  desirable  scientifically  simple  specification  of  a  radiation 
standard  is  attained.  This  same  standard  is  by  remarkable  co- 
incidence absolutely  the  most  feasible  one  from  the  standpoint 
of  radiation  measurement.  This  one-line  standard  is  a  definite 
quantity  of  the  most  efficient  possible  radiation.  This  radiation 
corresponds  within  the  error  of  present  determination  to  the 
green  radiation  of  mercury.  As  already  noted,  this  may  be  ob- 
tained from  a  quartz  arc  in  sufficient  intensity  for  both  radio- 
metric and  photometric  purposes,  and,  as  will  presently  be  seen, 
it  is  very  easily  isolated  by  color  screens.  In  fact  the  chief  pur- 
pose of  this  paper  has  been  to  lead  up  to  this  proposition,  and 
the  study  of  other  types  of  standards  has  been  largely  to  em- 
phasize the  peculiar  advantages  of  this  last. 

The  advantage  from  the  theoretical  side  is  its  simplicity.  It 
embodies  the  simplest  possible  light-radiation  relation ;  it  makes 
the  "mechanical  equivalent"  of  the  most  efficient  possible  light 
synonymous  with  the  specification  of  the  unit  of  light.  The 
lumen,  or  its  equivalent,  becomes  one  watt  per  sq.  cm.  of  the 
most  efficient  possible  radiation.  According  to  the  present  know- 
ledge this  would  amount  to  about  800  of  the  present  lumens,  so 
that  a  decimal  subdivision  might  be  the  practical  unit.  The 
lumens  of  any  given  source  would  be  obtained. at  once  by  multi- 
plying its  watts  by  the  "reduced  luminous  efficiency"  of  the 
source.1 

From  the  standpoint  of  the  measurement  of  radiation  this 
proposed  standard  is  extremely  promising.  From  a  properly 
designed  arc  probably  0.00 1  watt  per  sq.  cm.  may  be  obtained 
at  a  distance  of  15  or  20  cm.  from  the  source,  due  to  this  green 
radiation,  a  quantity  easily  measurable  by  a  radiation  meter,  and 
much  larger  than  is  necessary  for  measurement  as  light.  More- 
over, no  spectroscopic  means  are  necessary  for  separating  this 
green  line  from  the  others.  A  screen  of  neodymium  nitrate 
or  chloride  or  a  sheet  of  neodymium  glass  obstructs  the  neigh- 

1 1.uminous  Efficiency,  Trans.  Ilium.  Eng.  Soc,  p.  113,  v.  5,  (1910). 
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boring  yellow  line  with  remarkable  completeness  and  sharpness. 
A  solution  of  potassium  bichromate  in  a  glass  trough  obstructs 
the  blue,  violet  and  ultra-violet  radiation.  Water,  nickel  nitrate, 
copper  chloride,  copper  sulphite,  and  iron  ammonium  sulphate 
are  several  solutions  which  very  effectually  cut  out  the  infra-red 
and  red  radiations.  It  is  therefore  easy  to  prepare  an  absorption 
cell  through  which  this  green  radiation  passes  in  great  intensity 
and  entirely  pure. 

Up  to  this  point  the  superiority  of  this  particular  one-line 
standard  is  overwhelming.  When  it  comes  to  the  photometric 
side,  however,  this  standard  is  the  least  desirable  of  any.  It 
would  involve  comparing  a  bright  saturated  spectrum  color  with 
the  pale  unsaturated  colors  of  the  usual  illuminants.  This  im- 
mediately means  that,  with  all  psychological  difficulties  obviated, 
as  by  the  flicker  photometer,  differences  of  as  much  as  15  per 
cunt,  may  be  expected  between  different  observers  of  normal 
vision,  as  shown  by  some  comparative  measurements  recently 
obtained  in  a  laboratory.  Adoption  of  such  a  standard  would 
make  it  essential  that  the  '  calibration  of  working  standards 
should  be  done  by  some  specified  form  of  photometer,  at  a  defi- 
nite illumination,  and  that  readings  should  be  made  by  a  very 
large  number  of  individuals.  A  possible  means  by  which  this 
might  be  carried  out  is  given  in  the  following  diagram. 

The  radiation  from  the  mercury  arc  a  passes  through  the 
absorbing  solutions  at  b,  and  is  incident  upon  the  plane  glass 
reflector  c,  part  is  transmitted  to  the  surface  bolometer  d,  to 
be  measured  as  radiation ;  another  part  is  reflected  to  the  pho- 
tometer screen  e  to  be  measured  as  light.  At  /  is  the  second- 
ary or  working  standard,  for  instance,  an  incandescent  lamp. 
The  advantage  of  such  an  arrangement  is  that  a  great  part  of 
the  total  radiation  which  must  be  present  in  large  quantity  for 
accurate  measurement  is  used  for  the  radiation  measurement. 
The  remaining  part  (about  10  per  cent.)  with  a  quartz  mer- 
cury arc  would  be  ample  to  secure  an  illumination  of  ten  meter 
candles  on  the  photometer  screen. 

Let  it  be  assumed  that  the  measurement  of  the  radiation  pre- 
sents no  difficulties  other  than  the  use  of  refined  apparatus  and 
careful  manipulation,  which  is  believed  to  be  the  case.  The 
chief  problems  will  then  be  the  measurement  of  the  radiation  as 
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light,  which  could  be  done  as  suggested  above,  by  having  a 
large  number,  say  100,  observers  of  normal  color  vision.  Prob- 
ably the  only  practicable  instrument  would  be  the  flicker  pho- 
tometer. With  this  each  observer  could  make  a  set  of  readings 
simultaneously  with  the  measurements  of  radiation,  thus  deter- 
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Fig.  7. 

mining  the   luminous  flux   per  unit   of   radiated  power    for   his 
eye.     The  mean  of  all  observers  would  fix  the  true  value. 

This  latter  measurement  may  appear  very  far  removed  from 
the  realm  of  exact  measurement.  It  involves,  however,  just  the 
process  that  one  must  ultimately  expect  to  go  through,  if  stand- 
ards of  different  colors  are  to  be  established.  With  a  large 
number  of  observers  the  value  obtained  in  one  laboratory  ought  to 
be  very  close  to  that  obtained  in  any  other.  It  would  simply  amount 
to  taking  the  difficulty  of  heterochromatic  photometry  by  the 
horns.  Probably  the  time  is  not  yet  ripe  for  so  doing,  but  it  is 
to  be  hoped  that  the  next   few  years   will   so  far  clear  up  the 
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outstanding  questions  that  satisfactory  methods  and  conditions 
of  measurement  for  light  of  different  color  may  be  agreed  upon. 
The  establishment  of  a  standard  by  this  method  would  be 
laborious,  and  unless  the  theoretical  correctness  of  the  standard 
were  all  that  could  be  desired  the  procedure  would  have  little  to 
warrant  it.  It  is,  however,  the  author's  belief  that  the  "most 
efficient  possible"  radiation  standard  does  have  the  elements  of 
theoretical  simplicity  and  correctness  in  such  degree  as  to  war- 
rant boldly  facing  the  difficulties  of  the  light  measurement  in- 
volved, as  soon  as  certain  investigations  upon  photometry  which 
are  now  under  way  have  reached  their  conclusion. 

CONCLUSION. 

At  this  point  the  subject-matter  of  this  paper  can  be 
summarized.  Approaching  the  problem  of  photometric  stand- 
ards from  the  beginning,  specification  by  quantity  of  radiation 
has  been  considered  the  most  logical  way.  Considering  the 
various  paths  by  which  this  might  be  achieved  one  is  led  to  the 
proposition  that  the  simplest  conceivable  standard  of  luminous 
flux  is  defined  as  a  certain  density  of  radiation  of  the  highest 
possible  luminous  efficiency.  A  practical  means  of  achieving  this 
is  at  hand.  The  difficulties  of  the  photometric  work  increase 
in  regular  steps  as  this  theoretically  ideal  standard  is  approached, 
and  with  it  are  greatest.  But  the  unique  advantages  of  this 
standard  from  every  other  viewpoint  warrant  far  more  the  fac- 
ing of  these  difficulties  than  do  the  slight  advantages  to  be 
claimed  for  any  other  radiation  standard.  It  must  wait  upon 
the  solution  of  certain  photometric  problems,  which  are  almost 
wholly  those  connected  with  heterochromatic  photometry  and 
this  is  a  matter  of  time.  But  there  can  be  no  harm  done  by 
looking  ahead  and  deciding  upon  the  goal  toward  which  we 
should  aim.     To  do  this  has  been  the  purpose  of  this  paper. 

DISCUSSION. 

L.  B.  Bichengreen : — I  would  like  to  ask  Dr.  Ives  for  a  de- 
scription of  the  methods  used  in  obtaining  the  color  photographs 
shown  on   the   screen. 

W.  J.  ScrrilJ: — Dr.  Ives  speaks  of  his  proposed  standard  green 
light  as  being  "simple."     Is  it  his  conception  that  such  a  beam 
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of  light  really  is  simple — that  it  is  composed  entirely  of  radia- 
tions of  one  wave-length?  Also,  does  it  mean  that  there  is  a 
greater  number  of  waves  to  the  unit  area?  What  does  a  change 
in  intensity  mean  in  such  a  simple  beam  of  light,  and  how  is 
the   wave-length  measured? 

M.  S.  White: — I  would  like  to  ask  why,  in  the  set  of  curves, 
the  blue  showed  higher  than  the  green? 

W.  H.  Fiihveilcr: — I  would  like  to  ask  Dr.  Ives  how  he  com- 
puted that  color  triangle;  how  he  gets  the  three  corners. 

Dr.  Ives: — About  the  computation  of  the  color  triangle:  sup- 
pose we  have  an  equilateral  triangle.  It  is  a  property  of  this 
triangle  that  the  sum  of  the  perpendicular  distances  of  any 
point  from  the  three  sides  is  a  constant,  and  is  equal  to  the 
altitude  of  the  triangle.  Take  the  color  sensation  curves.  At 
any  point  in  the  spectrum  one  can  determine  the  relative  per-  - 
centages  of  each  sensation.  If  one  calls  the  total  of  the  sensa- 
tions at  any  point  in  the  spectrum  unity,  and  the  altitude  of  the 
triangle  also  unity,  then  by  the  proposition  just  stated,  every 
point  in  the  spectrum  may  be  given  a  point  in  this  triangle. 

I  can  answer  the  question  just  before  that  by  saying  that 
the  blue  curve  is  not  necessarily  higher.  It  depends  altogether 
on  the  scheme  used  in  plotting.  Here  the  three  sensations  are 
assumed  equal  in  white  light.  But,  if  one  represents,  the  sensa- 
tions on  the  scale  of  brightness,  the  blue  would  be  lowest.  The 
red  would  be  large,  the  green  medium,  and  the  blue  would  be 
quite  small.  The  blue  gives  a  very  much  smaller  sensation  of 
brightness  than  does  the  red,  and  also  extends  a  shorter  distance 
through  the   spectrum. 

In  regard  to  the  question  of  the  complexity,  or  simplicity,  of 
any  radiation,  Mr.  Serrill  has  touched  upon  one  of  the  deepest 
problems  in  physics.  It  depends  on  the  spectroscopic  means 
at  one's  disposal  whether  a  radiation  may  be  called  simple 
or  not.  The  distribution  of  light  in  the  cadmium  lines  used  as 
standards  of  wave-lengths  is  the  simplest  known.  There  are  no 
accompanying  lines  or  satellites,  and  the  light  is  restricted  to 
a  wave-length  interval  too  small  to  be  measurable  by  our  pres- 
ent apparatus.  The  mercury  green  line  consists  of  a  central 
line  and  several  smaller  lines  to  each  side,  but  so  close  that  only 
in  recent  years  have  instruments  been  developed  capable  of  de- 
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tecting  them.  For  the  purposes  of  the  paper  just  presented,  the 
mercury  green  line  is  the  perfectly  simple  ray  of  which  Mr. 
Serrill   speaks. 

In  regard  to  the  measurement  of  wave-lengths ;  this  is  done 
most  simply  by  the  use  of  a  diffraction  grating.  By  knowing 
the  dimensions  of  the  optical  system  and  the  spacing  of  the 
lines  of  the  grating,  the  wave-length  of  light  is  determined  much 
as  a  surveyor  determines  the  height  of  a  tower.  As  to  what 
distinguishes  an  intense  radiation  from  a  faint  one,  the  differ- 
ence can  best  be  expressed  by  saying  it  is  the  difference  be- 
tween a  procession  of  children  and  a  procession  of  adults,  or 
of  giants. 

In  regard  to  the  question  of  color  photography,  it  would 
be  possible  to  give  a  whole  lecture,  or  indeed  a  series  of  lec- 
•tures  on  that  by  itself.  However,  in  brief,  the  theory  of  three- 
color  photography  is,  that  one  can  select  three  primaries  (a  red, 
a  green  and  a  blue)  ;  from  these  one  may  find  out  in  what  propor- 
tion they  mix  to  match  the  colors  of  the  spectrum — red,  yellow, 
green,  blue,  and  so  forth,  and  cne  gets  what  is  called  a  "mixture 
curve."  Three  pictures  are  then  taken  through  colored  glasses 
which  transmit  the  spectrum  colors  in  the  proportions  indicated 
by  the  red  curve,  the  blue  curve  and  the  green  curve.  These 
colored  glasses  are  not  the  primary  colors,  they  represent  the 
mixing  proportions  of  the  three  primaries.  If  pictures  were  taken 
for  instance,  by  pure  red,  and  by  pure  green,  one  would  get  no 
action  by  yellow  light  ( which  lies  between  in  the  spectrum ) , 
but  if  yellow  is  taken  through  the  proper  screen,  one  gets  a  certain 
amount  of  action  through  the  "red  curve"  glass,  and  a  cer- 
tain amount  through  the  "green  curve"  glass,  and  when  each 
picture  is  viewed  in  the  primary  color  there  is  obtained  both 
green  and  red  light,  which  mix  to  give  yellow,  and  so  on.  That 
is  the  principle  of  this   form  of  color  photography. 

T.  /.  Litlc,  Jr. : — In  determining  the  color  value  of  your 
Welsbach  mantle,  what  cerium  content  did  you  have  in  the 
mantle,  and  what  was  the  intrinsic  brilliancy? 

Dr.  Ives: — Three-fourths  of  I  per  cent,  cerium.  Of  the  in- 
trinsic brilliancy  I  have  no  measurements,  but  some  recent  meas- 
urements on  a  mantle  of  unknown  composition  gave  30  candle- 
power  per  sq.  inch  for  the  mantle  as  a  whole. 
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f.  N.  Morton  : — Dr.  Ives  has  spoken  very  highly  of  the  flicker 
photometer.  In  following  up  that  subject  I  gathered  the 
idea  that  the  merits  of  the  flicker  photometer  were  something 
on  the  order  of  the  Scotch  verdict — "Not  Proven,"  and  I  would 
like  to  ask  what  he  thinks  of  that.  Also,  with  reference  to 
the  Petavel  standard,  in  which  the  rays  are  divided  and  passed 
through  black  fluorspar  and  through  some  transparent  medium, 
and  maintaining  the  radiant  body — platinum  for  instance — at 
such  a  temperature  that  the  radiation  curves  cross  at  a  given 
point — I  would  like  to  know  what  he  thinks  about  that. 

Dr.  Ires: — In  regard  to  the  flicker  photometer  not  being  prov- 
en. It  has  been  shown,  I  think,  or  I  tried  to  show  it  before 
the  convention  in  Baltimore  last  fall,  that  as  far  as  sensibility 
and  reproducibility  are  concerned,  it  is  far  superior  to  the  equali- 
ty of  brightness  in  working  with  lights  of  different  color.  That 
is,  if  one  wants  to  obtain  definite  results  in  which  the  psy- 
chology of  the  observer  is  ruled  out,  one  can  do  it  with  the  flicker 
photometer.  As  to  the  exact  relationship  between  the  flicker 
photometer  and  the  equality  of  brightness  photometer,  that 
is  still  to  be  determined.  It  may  be  necessary,  if  a 
flicker  photometer  is  used,  to  apply  a  certain  correction  fac- 
tor. But  one  problem  is  that  of  securing  definite  reproduci- 
ble measurements,  and  in  that  respect  I  feel  that  the  flicker 
photometer  is  in  a  class  by  itself. 

In  regard  to  the  Petavel  standard,  it  fills  in  an  intermediate 
classification  to  those  which  I  have  given.  In  it,  radiation  is 
measured  in  a  way.  That  is.  radiation  is  used  as  a  means  of 
measurement.  It  appeals  to  me  though  as  belonging  really  in 
the  first  and  second  classes,  for  after  all,  radiation  is  made  use 
of  principally  as  a  means  of  fixing  temperature  and  the  dimen- 
-  of  the  radiation  must  be  specified. 

F.  X.  Morton: — What  is  the  promise  of  it? 

Dr.  Ives: — Xot  much,  I  think. 

U  .  J.  Serrill: — Can  you  give  us  a  more  definite  idea  of  what 
this  proposed  green  standard  would  be  like? 

Dr.  Ires: — Yes.  I  will  refer  you  to  the  last  figure  of  the 
paper  for  a  possible  method  of  carrying  this  out. 
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IV.  H.  Fulweiler: — I  would  like  to  ask  Dr.  Ives  whether  he 
believes  the  work  has  gone  far  enough  to  lead  him  to  think 
that  the  quartz  mercury  arc  can  be  reproduced  to  give  the  same 
quality  in  that  narrow  band.  In  other  words,  there  is  no  phy- 
sical standard  at  the  present  time,  as  far  as  I  know,  containing 
articles  of  manufacture,  that  is  not  difficult  to  exactly  repro- 
duce. Impurities  that  are  not  observable  by  chemical  processes, 
apparently  have  considerable  influence  on  the  value  of  the 
standard  containing  them.  I  have  been  wondering  whether  the 
character  of  the  band  given  out  by  a  quartz  arc  would  be  affected 
in  the  final  analysis  by  the  purity  of  the  quartz,  or  mercury,  or 
the  condition  of  the  electrodes,  and  whether  after  all  we  would 
not  run  into  further  difficulties. 

Dr.  Ives: — As  to  whether  the  band  is  a  fixed  and  definite 
thing,  the  answer  is  unqualifiedly,  yes.  Isolated  wave-lengths, 
of  which  the  light  of  the  sodium  flame  is  a  good  representative, 
and  the  light  of  the  mercury  arc  is  another  good  representative, 
seem  to  be  a  fundamental  characteristic  of  the  radiating  mate- 
rial. The  only  ways  to  change  the  wave-length  of  the  radia- 
tion are  either  to  place  the  source  in  an  extremely  magnetic  field 
in  which  the  wave-length  charge  is  so  small  as  to  be  detected 
only  by  the  most  powerful  spectroscopes,  or  by  extreme  pressure 
on  the  source.  Pressure  gives  a  broadening  or  a  very  slight 
shifting  of  the  spectrum  lines.  One  other  method  by  which  wave- 
lengths may  be  changed  is  what  is  called  the  Doeppler  effect 
caused  by  motion  in  the  line  of  sight.  For  instance,  in  the 
case  of  a  star  coming  toward  us  at  a  speed  of  many  miles  a 
second ;  this  shift,  too,  can  only  be  detected  by  the  finest  in- 
struments. 

The  composition  of  the  glass  or  quartz  cannot  enter  into  this 
proposed  standard.  The  reproducibility  of  the  dimensions  or 
type  of  the  mercury  arc  does  not  enter  into  it.  The  absorbing 
screen  can  have  a  wide  range  of  latitude  in  its  composition,  and 
no  exact  specifications  of  thickness  or  other  dimensions  are 
necessary  or  significant.  Standardization  of  apparatus  comes 
in  only  in  the  question  of  the  photometer ;  we  can  not  avoid  that. 
It  will  also  probably  come  in  the  makeup  of  the  bolometer ;  it 
may  depend  somewhat  on  the  laboratory  which  makes  it,  that  is, 
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on  the  individuality  of  the  bolometer.  I  think  it  is  reasonable  to 
suppose,  however,  that  bolometers  may  be  made  by  different 
laboratories  which  will  give  results  as  consistent  as  can  be  ob- 
tained on  the  photometer. 

Geo.  S.  Barrows : — If  there  should  be  any  question  about  the 
reproducibility  of  that  particular  wave  length,  with  the  means 
that  we  now  have  at  our  command,,  the  wave  length  could  be 
accurately  measured ;  then  with  the  absorbing  medium  between 
the  mercury  arc  and  the  bolometer,  the  wave  length  could  be 
varied  until,  by  measurement,  we  could  get  it  to  the  pre-deter- 
mined  length.     Is  that  correct? 

Dr.  Ives: — I  do  not  know  of  any  medium  by  which  that  wave 
length  could  be  altered.  The  object  of  the  absorbing  medium  is 
not  to  fix  the  position  of  that  radiation,  but  merely  to  eliminate 
the  radiations  which  come  somewhere  near  it.  As  I  have  said, 
the  wave  length  of  such  a  monochromatic  radiation  is  one  of  the 
unchangeable  things  in  nature. 

W.  H.  Fukveilcr: — I  feel  that  I  should  apologize  for  putting 
my  question  so  badly.  Dr.  Ives  has  shown  us  that  the  bands  or 
lines  emitted  by  an  element  are  characteristic  of  that  element. 
My  point  was  that  it  has  been  found  that  impurities  present  in 
a  material  under  examination  will  sometimes  give  bands  or  lines 
lying  close  to  those  given  by  the  pure  material.  This  would  have 
the  tendency  to  render  the  lines  or  bands  somewhat  impure  and 
variable,  depending  on  the  proportion  and  character  of  the  im- 
purity present.  As  these  bands  or  lines  would  be  very  close 
to  the  mercury  band,  they  would  probably  not  be  removed  by  the 
absorbing  screens. 

I  am  not  familiar  with  the  possibilities  that  might  exist  with 
the  use  of  mercury,  but  I  know  that  in  the  case  of  some  of  the 
rare  earths,  the  presence  of  the  lines  close  to  minute  quantities  of 
impurities  is  a  serious  matter  when  the  material  is  to  be  examined 
before  the  spectroscope.  The  identification  of  the  normal  lines 
for  the  pure  material  becomes  very  difficult. 

Dr.  Ives: — If  impurities  should  produce  any  lines  close  to  this 
mercury  green  line,  so  much  so  as  to  be  difficult  of  spectroscopic 
separation,  the  chances  are  they  would  have  practically  no  effect 
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on  the  result.  They  would  all  fall  on  the  flat  top  of  the  lu- 
minosity curve ;  i.e.,  they  would  all  have  the  same  luminous 
efficiency.  No  difficulty,  however,  is  experienced  in  making  up 
mercury  which,  for  our  purpose,  can  be   called  perfectly  pure. 

W.  J.  Scrrill: — What  is  the  wave-length  of  that  green  ray  in 
terms  of  /*? 

Dr.  Ives: —  0.5461/x. 
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ARTIFICIAL   LIGHT   VERSUS   SUNLIGHT   FOR   MAK- 
ING MOVING  PICTURE  FILMS.1 


BY    EDWARD    L.    SIMONS. 


Manufacturers  of  moving  picture  films  have  observed  that  day- 
light is  altogether  too  unreliable  a  source  of  illumination  for  their 
work.  Accordingly  they  have  been  compelled  to  study  the  best 
adapted  means  of  artificially  lighting  the  moving  picture  studio. 
The  consideration  of  such  a  problem  constitutes  this  paper. 

Standard  practice  requires  an  exposure  of  sixteen  pictures  per 
second.  The  cameras  are  nearly  all  arranged  to  move  the  film 
band  for  a  period  equal  to  that  of  its  rest  during  the  exposure, 
thus  giving  a  possible  maximum  exposure  of  1/32  second.  The 
lens,  however,  has  to  be  completely  opened  from  the  closed  posi- 
tion and  closed  again  from  the  full  open  position.  These  opera- 
tions are  performed  by  a  shutter  moving  at  a  constant  velocity 
and  producing  an  efficiency  of  70  per  cent.,  thereby  actually  re- 
ducing the  exposure  to  1/46  of  a  second.  The  problem  is  fur- 
ther complicated  by  the  conditions  imposed  by  the  required  sharp- 
ness of  definition  which  must  be  such  that  enlargements  of  150 
diameters  and  a  depth  of  12  feet  or  more  can  be  obtained. 
Yet  the  working  aperture  of  the  lens  cannot  exceed  F8,  that  is, 
this  opening  cannot  be  greater  than  one-eighth  of  the  focal 
length.  Moreover,  the  objects  must  be  illuminated  with  an  in- 
tensity sufficient  to  produce  a  fully  timed  negative  in  1/46  of  a  sec- 
ond and  with  lens  opening  of  F8.  Obviously,  to  meet  these  require- 
ments it  is  necessary,  from  a  commercial  standpoint,  to  have  light 
of  a  known  actinic  quality  and  quantity  rather  than  be  compelled 
to  depend  on  the  practical  knowledge  of  dark-room  men  to  adapt 
the  developer  to  each  individual  negative,  a  practice  which  is 
entirely  at  variance  with  twentieth  century  notions  of  standardiz- 
ing manufacturing  processes.  Having  thus  briefly  stated  the 
problem  the  question  of  the  most  satisfactory  artificial  light 
may  be  considered. 

Experience  with  artificial  light  in  portrait  studios  has  taught 
photographers  that   the   monochromatic    rendering   of   colors   is 

1  A  paper  presented  at  a  meeting  of  the  Philadelphia  section  of  the  Illuminating 
Engineering  Society,  February  17,  1911. 
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most  satisfactorily  achieved  by  mercury  vapor  light.  Arc  lamps 
of  various  types  are  often  used;  but,  although  they  permit  of 
short  exposures,  they  do  not  equal  the  photographic  effect  of  the 
mercury  vapor  light.  Use  of  mercury  vapor  light  alone,  how- 
ever, will  not  permit  the  actors  to  effect  the  proper  facial  ex- 
pressions which  are  so  essential  to  good  moving  pictures.     The 

0.Y6.6.     B.  BV    U-V. 


Fig.  1.  —  Photographic  spectrum  of  mercury  vapor  light. 

absence  of  the  red  rays,  and  the  consequent  ghastly  appearance 
of  the  actors,  preclude  these  effects.  Therefore,  to  counteract 
the  ghastly  appearance  of  the  actors,  arc  lamps  are  utilized 
in  conjunction  with  the  mercury  vapor  light  required  for  the 
rapidity  of  exposure. 

It  might  be  interesting  at  this  point  to  notice  the  reproduc- 
tions of  the  photographic  spectra  of  the  latter  illaminants.  Fig. 
1  shows  the  spectrum  of  the  mercury  vapor  light  as  recorded 
by  the  usual  photographic  emulsion.     This  spectrum  should  be 


Fig.  2. — Photographic  spectrum  of  arc  lamp. 

compared  with  that  of  the  arc  lamp  as  shown  in  Fig. 
2.  In  comparing  these  spectra,  however,  it  should  be  remem- 
bered that  the  eye  records  red  in  a  much  larger  degree  than  the 
photographic  emulsion  does. 

Next  to  the  quality  of  light  required  for  moving  picture  stu- 
dios, the  quantity  of  the  light  is  important.  The  light  must  be 
so   diffused   that    the    chalked    faces   of   the    actors    and    other 
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extreme  high  lights  are  eliminated.  This  is  done  by  scatter- 
ing the  light  with  diffusers.  By  this  is  not  meant  filtering 
the  light  through  translucent  materials  such  as  tracing  cloth 
or  ground  glass,  which  are  known  to  absorb  a  la^-ge  amount  of 
light;  but  to  pass  the  light  through  prismatic  glass  having  the 
prisms  alternately  arranged.  The  effectiveness  of  this  method 
has  been  proved  by  a  series  of  photometric  tests.  Moreover, 
it  has  been  concluded  that  the  maximum  difference  from  the 
average  intensity  of  the  artificial  illumination  is  only  20  per  cent., 
whereas  in  the  case  of  mixed  artificial  and  daylight  this  max- 
imum difference  increases  to  30  per  cent. 

It  may  be  of  interest  to  state,  parenthetically,  that  in  the  par- 
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Figs.  3,  4  and  5. 


ticular  installation  which  the  author  has  in  mind  the  intensity  on 
a  plane  of  two  feet  averages  500  foot-candles.  Some  idea  of  the 
illumination  required  is  had  if  one  considers  that  the  installation 
covers  an  area  of  324  sq.  ft.  The  total  approximate  useful  light 
flux  is,  therefore,  162,000  lumens. 

A  practical  example  of  the  diffusion  as  well  as  the  illumination  in- 
tensity of  the  equipment  so  far  described  is  barely  discernible  from 
the  illustrations  given  below,  the  films  of  which  (Figs.  3-5)  were 
prepared  from  the  first  trial  exposures  made  under  this  light. 
The  films  in  the  order  in  which  they  are  shown  were  exposed 
respectively  with  lens  openings  of  (Fig.  3)  F4.5  ;  (Fig.  4)  F5.6; 
and  (Fig.  5)  F8;  while  all  the  lights— 112  4-ft.  mercury-vapor 
tubes  and  20  arc  lamps — were  burning.     The  six  small  pictures 
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all  show,  indistinctly  of  course,  an  overabundance  of  light.1 
This  test  was  made  after  sunset,  and  is,  therefore,  a  true 
measure  of  the  photographic  power  of  the  artificial  light.  Each 
pair  of  pictures  (Figs.  3-5)  represents  a  reproduction  from  one 
image  of  a  series  of  exposures  made  with  the  latter-mentioned 
lens  openings  and  while  all  persons  were  moving  about.  The 
films  of  the  pictures  in  Figs.  6-8  were  obtained  by  means  of 
only  the  illumination  from  the  112  mercury-vapor  tubes  and  with 
the  same  lens  openings  as  in  the  first  case.  The  pictures  in  Figs. 
6-8   tend   to   show — possibly   not   perceptible    from   the   pictures 


Figs.  6,  7  and  S. 


here  reproduced — that  the  smaller  lens  openings  yielded  the  best 
results  and  that  arc  lamps  are  not  required  from  a  strictly  photo- 
graphic standpoint. 

The  author  observed  recently  a  case  where  the  unreliability 
of  daylight  was  exemplified.  For  ten  days  he  constantly  en- 
deavored to  obtain  a  satisfactory  interior  exposure  with  sun- 
light but  was  unable  to  get  one.  A  similar  case,  though  more 
prolonged,  was  experienced  in  January,  191 1.  Of  the  twenty- 
seven  work  days,  artificial  light  had  to  be  used  in  the  studio 
twenty  days.  '  Both  these  cases  more  than  offset  the  arguments 
in  favor  of  daylight  for  picture  studios. 

A  brief  description  of  the  equipment  as  installed  in  the  model 
studio  of  the  Lubin  Manufacturing  Company  is  here  appended 

1  The  overabundance  of  light  is  more  evident  when  the  pictures  are  projected  on  a 
screen  and  enlarged  150  diameters,  or  upon  examination  of  the  original  negatives.  In 
either  of  these  ways  also  a  more  marked  difference  between  the  pictures  of  Figs.  3-5  and 
Figs.  6-8  could  be  observed. 
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as  a  matter  of  interest.  The  equipment  consists  of  six  frames 
containing  eight  48-inch  mercury-vapor  tubes.  These  are  placed 
in  two  rows  of  three  each  parallel  to  the  front  of  the  stage,  at 
an  angle  of  thirty  degrees  and  twelve  feet  above  the  floor.  At 
the  left  hand  side  of  the  stage  and  at  an  angle  corresponding  to 
the  line  of  view  four  more  such  frames  are  each  suspended  at  the 
same  height  as  the  other  frames  and  at  an  angle  of  forty-five 
degrees.  These  ten  frames  containing  eighty  mercury-vapor 
tubes  are  not  equipped  with  diffusers.  Directly  under  the  latter 
four  frames  are  four  other  frames  which  also  contain  eight 
mercury-vapor  tubes  each.  They  are  placed  in  a  vertical  posi- 
tion twenty-four  inches  above  the  floor.  The  latter  frames  are 
equipped  with  diffusers,  five  feet  square,  built  up  of  sections, 
one  foot  high,  of  ribbed  glass,  the  ribs  of  the  various  sections 
alternating  in  vertical  and  horizontal  directions.  Just  above  the 
top  of  these  frames  and  in  a  parallel  line  to  them,  eight 
arc  lamps  are  suspended  in  pairs  and  are  equipped  with  diffusers 
two  feet  square.  In  front  of  the  stage,  seven  feet  above  the 
ground,  there  is  suspended  a  row  of  twelve  arc  lamps  which 
are  equally  distributed  over  a  total  length  of  fifteen  feet.  These 
arc  lamps  are  also  provided  with  similar  diffusers.  The 
arc  lamps  as  well  as  all  the  mercury-vapor  lamps  are  sus- 
pended in  front  of  white  enameled  metal  reflectors.  Each  frame 
of  mercury  vapor  lamps  is  controlled  by  two  switches,  each 
switch  controlling  alternate  tubes.  Each  arc  lamp  is  con- 
trolled individually.  The  whole  equipment  is  suspended  from 
a  skeleton  framework,  independent  of  the  building,  so  that  it 
can  be  enclosed  whenever  it  is  desired  to  entirely  exclude  day- 
light. Current  is  supplied  by  a  motor-generator  set.  The  motor 
is  2-phase,  250-h-p.,  and  the  generator  is  150-kw.,  3- wire 
uo-120-volt.  This  generator  makes  the  conditions  ideal,  as  the 
mercury  vapor  lamps  are  operated  in  multiple  on  no  volts  and 
the  arc  lamps  at  220  volts. 

The  author  wishes  to  acknowledge  his  indebtedness  to  Air.  L. 
T.  R.  Hoist,  M.  E.,  for  assistance  in  the  preparation  of  this 
paper. 

DISCUSSION. 

Mr.   F.   H.    Gilpin : — Is   there    any   particular    intensity   of   il- 
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lamination  required  upon  the  moving  objects  in  the  scenes  to 
give   the   proper   intensity   in   the   film? 

Mr.  L.  J .  R.  Hoist : — Yes  ;  unless  there  is  a  sufficient  quantity  of 
actinic  light  present,  the  resultant  picture  will  be  under-timed, 
and  have  all  the  faults  of  under-timing,  such  as  an  over-contrast 
of  objects   and   lack  of  detail. 

Mr.  W.  J.  Serrill: — When  you  speak  of  "best  daylight"  I 
suppose  you  mean  the  best  daylight  you  can  get  in  the  studio? 

Mr.  Hoist : — Yes,  of  course. 

Mr.  Serrill : — I  understood  Mr.  Simons  to  say  that  in  January 
there  were  twenty  days  when  he  could  not  use  the  daylight ; 
does  that  mean  that  in  the  studio  there  was  insufficient  light  to 
take  pictures? 

Mr.  Hoist: — Yes,  and  I  may  add  that  not  only  in  January, 
but  even  in  June,  July  and  August  of  last  summer,  it  .was 
practically  impossible  to  make  satisfactory  exposures  on  many 
days. 

Mr.  C.  O.  Bond: — I  would  like  to  know  something  more  of 
your  skylights  and  their  construction. 

Mr.  Hoist: — The  skylight  is  162  ft.  long,  60  ft.  wide,  52  ft. 
high  on  the  high  side  of  the  wall  and  32  ft.  on  the  low  side.  It 
has  one  immense  glass  roof,  a  continuous  glass  front,  a  glass 
side  and  a  half-glass  side.  Owing  to  the  fact  that  the  high  side, 
which  is  the  west  side  of  the  building,  is  facing  on  20th  Street, 
it  is  essential  that  that  side  should  not  contain  too  much  glass. 
It  is  all  3-way  prism  glass,  and  I  may  say  that  the  diffusion  is 
so  perfect  that  with  the  brightest  sun  shining  on  the  building,  it 
is  impossible  to  see  a  shadow  anywhere  but  right  under  the  sole 
of  the  shoe. 

Mr.  Geo.  B.  Muth: — How  do  you  block  out  your  skylight? 

Mr.  Hoist : — We  do  not  try  to  do  that.  We  make  a  great 
number  of  exposures  without  considering  the  daylight  that  hap- 
pens to  be  present.  And,  with  reference  to  the  photometric  tests, 
we  have  shown  that  the  electric  intensity  is  very  much  greater 
than  that  of  the  daylight. 

Mr.  Norman  Macbeth  : — Did  I  understand  from  the  first  part 
of  the  paper  that  the  artificial  intensity  averages  500  foot- 
candles  ? 
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Mr.  Hoist:— Yes, 

Mr.  Macbeth  : — Also  that  the  chief  disadvantage  of  the  ar- 
rangement of  the  light  in  the  second  set  of  pictures  compared 
with  the  arrangement  of  the  first  set  was  the  arrangement  of  the 
mercury  tubes  ? 

Mr.  Hoist : — Xo ;  it  was  the  nature  of  the  light  spectrum. 

Mr.  Macbeth  : — I  suppose  you  are  looking  forward  to  doing 
color  work.     Is  this  light  true  for  colors? 

Mr.  Hoist: — No;  I  do  not  think  it  would  be.  I  do  not  know 
that  it  will  ever  be  attempted ;  if  it  is,  it  will  have  to  be  done  by 
daylight. 

Mr.  Macbeth : — I  remember  the  color  film  exhibit  at  tjhe 
Garrick  Theatre  some  time  ago.  I  understood  that  the  films 
there  shown  were  taken  with  natural  light,  although  there  were 
some  pictures  of  cut  flowers  which  without  an  outdoor  back- 
ground one  could  not  determine  whether  they  were  out- 
door or  inside  exposures.  I  had  thought  that  as  an  illumination 
problem  this  work  was  largely  one  of  intensity  and  direction  of 
light.  Have  you  any  comparative  data  of  the  intensity  of  your 
artificial  light  and  day-light  outside  your  studio  on  a  clear  bright 
day0 

Mr.  Hoist: — Xo,  we  have  no  figures  on  that  point,  but  I  am 
guided  to  a  certain  extent  by  a  knowledge  of  the  openings  in 
the  lenses  in  making  studio  pictures.  On  a  bright  day  we  use 
about  a  F5.6  opening  inside,  and  that  would  correspond  on  a 
similar  day  for  an  open  view  picture  to  about  11  outside,  which 
would  be  about  1  '.4. 

M)'.  Macbeth : — I  have  found  some  very  unusual  installa- 
tions lately  which  widen  the  possibilities  for  the  use  of  in- 
candescent mantle  burners.  It  has  not  been  generally  known  that 
it  was  possible  to  use  gas  light  for  photographic  processes,  be- 
cause of  the  absence  of  the  violet  or  actinic  rays.  In  some 
studios  in  Philadelphia,  mantle  burners  are  being  use  to  sup- 
plement the  daylight  arrangements,  and  very  satisfactory  re- 
sults have  been  made  possible  on  cloudy  days  or  late  afternoon 
sittings.  I  saw  some  pictures  which  were  taken  this  week  in 
cloudy  weather,  about  5  o'clock  in  the  afternoon,  the  daylight  be- 
ing supplemented  with  the  light  from  the  mantle  lamps.     The 


302      TRANSACTIONS  OF   ILLUMINATING  ENGINEERING   SOCIETY 

exposure  was  4  or  5  seconds,  but  of  course  this  could  be 
shortened  by  increasing  the  intensity  of  the  illumination.  These 
portrait  studios  could  not  afford  the  elaborate  and  expensive 
electric  lighting  installation  such  as  has  been  described  in  Air. 
Simons'  paper. 

Mr.  Hoist : — Was  a  special  mantle  used  ? 

Mr.  Macbeth  : — Just  the  standard  incandescent  inverted  man- 
tle lamps;  the  intensity  on  the  subject  from  the  gas  lamps  alone 
was  less  than  4  foot-candles  which,  considering  the  distance  from 
the  subject  to  the  lamps,  would  be  equivalent  to  1,800  candle- 
power.  The  light  was  from  the  left,  while  on  the  right  a  4-light 
fixture  was  installed  in  such  a  position  as  to  soften  the  shadows 
on  that  side.  In  some  cases  a  circular  diffusing  screen  of  cotton 
was  used  to  tone  down  the  light  received  from  this  fixture.  They 
have  been  securing  very  satisfactory  results  indeed.  One  photog- 
rapher won  an  award  with  work  taken  under  these  conditions 
in  competition  with  the  regular  daylight  studio  product. 

Mr.  Serrill: — What  purpose  do  the  diff users  serve? 

Mr.  Simons: — To  take  care  of  the  lower  planes,  and  to  gradu- 
ate the  light  softly  toward  the  right  side  of  the  stage. 

Mr.  Serrill : — Do  the  persons  exposed  to  this  light  suffer  from 
the  intensity  of  the  light? 

Mr.  Simons: — I  have  not  heard  any  complaints,  but  without 
the  arc  lamps  it  would  be  pretty  hard  to  go  through  a  real 
love  scene,  because  everybody  would  look  sick. 

Mr.  Serrill: — Is  that  effect  actually  produced  in  the  picture? 

Mr.  Simons: — Xo,  it  is  not ;  but  it  affects  the  facial  expressions 
of  the  people  taking  part. 

Mr.  Serrill: — Do  the  arc  lights  used  in  conjunction  with  the 
mercury  vapor  lamps  counteract  that  effect? 

Mr.  Simons: — Yes,  they  do;  and  the  actinic  properties  of  the 
light  are   not  affected. 

Mr.  C.  O.  Bond: — It  is  hard  to  believe  than  on  a  bright  day, 
with  the  glass  exposure  that  you  have,  that  natural  light  is  not 
stronger  than  .the  artificial  light.  I  have  understood  that  on  a 
bright  day  the  foot-candle  illumination  runs  as  high  as  ten  thou- 
sand in  the  open.  I  remember  Air.  L.  B.  Marks  spoke  on  that 
subject  in  Baltimore  last  fall.     In  comparing  the  inside  and  out- 
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side  illumination  of  factories  he  said  that  where  there  was 
only  diffused  daylight  between  high  buildings  as  high  as  a  thou- 
sand foot-candles  were  available.  It  is  not  the  variation  in  the  in- 
tensity of  the  illumination  that  troubles  you,  rather  than  the 
lack  of  it? 

Mr.  Hoist : — That  is  a  somewhat  different  field  from  ours.  These 
photometric  tests  and  quantities  that  you  mention,  are  made 
with  regard  to  brilliancy :  that  is  of  very  little  account  as  far  as 
the  chemical  activity  of  the  light  or  its  photographic  value  in  con- 
cerned.. Its  brilliancy  I  cannot  question  whatever.  A  light 
cloudy  day  is,  photographically,  much  better  than  a  bright  sun- 
shiny day :  whereas  in  a  photometric  test  there  would  be  a 
great  falling  off  on  a  cloudy  day  as  compared  with  a  bright  sun- 
shiny day.  It  is  mostly  the  blue-violet  section  of  the  spectrum 
which  affects  the  film,  but  which  is  of  no  account  in  this  case. 

Mr.  G.  R.  Green  ; — Most  of  us  here  have,  no  doubt,  seen  the 
moving  pictures  which  were  exhibited  last  summer  at  the  Garrick 
Theatre.  Some  of  those  pictures  appeared  almost  perfect,  while 
others  had  a  "rainy-day"  effect.  I  would  like  to  know  the  cause 
of  this  streaky  appearance,  as  it  is  very  detrimental  to  the  eyes 
of  many  people.  The  eyes  become  very  sore  after  looking  at  the 
streaky  pictures  for  a  very  short  time,  while  the  effect  of  the 
best  pictures  was  both  pleasing  and  agreeable.  What  was  the 
cause  of  those  poor  pictures? 

Mr.  Hoist: — These  rainy-day  effects  as  you  call  them — very 
properly  too — are  simply  due  to  scratches  on  the  films  from 
frequent  handling  and  particularly  from  passing  behind  the  ex- 
posure  window,  where  the  are  passed  very  rapidly  It  is  simply 
the  result  of  long  use,  and  the  films  are  worn  out :  the  scratches 
become  practically  vertical  lines,  and  interfere  with  the  entire 
satisfaction  that  the  film  gives.  It  is  merely  a  question  of 
mechanical  wear.  On  that  account  the  films  should  be  with- 
drawn. 

Mr.  Muth  : — In  the  film  which  showed  a  lady  with  a  fur  coat, 
in  a  certain  position  she  took  there  was  a  blurred  image  each 
time  :  why  was  that  ? 

Mr.  Hoist: — That  was  owing  to  the  fact  that  16  exposures  per 
second  was  not  fast  enough.     If  the  manufacturers  would  gear 
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up  the  machines  higher  and  make  say  20  to  24  exposures  per 
second,  instead  of  16,  the  effect  would  be  correspondingly  better. 
If  during  the  exposure  the  image  moves  more  than  a  100th  or 
150th  of  an  inch,  which  is  permissible  without  being  noticed, 
blurs    are    unavoidable. 

Mr.  Macbeth : — In  photographic  work  foot-candle  values  are 
quite  likely  to  be  misleading.  For  instance,  5,000  foot-candles 
direct  sunlight  might  not  give  as  good  negatives  as  a  properly 
directed  well-diffused  artificial  light  of  less  intensity  and  actinic 
value.  It  is  possible  to  have  a  high  intensity  on  an  illuminometer 
screen  in  direct  sunlight,  while  in  the  shadows  the  intensity  might 
not  exceed  a  hundredth  part  of  the  maximum.  An  old  rule  in 
photography  is  to  time  for  the  shadows  and  let  the  "high  lights" 
come  as  they  may.  The  high  sunlight  illuminometer  measure- 
ments which  have  been  given  at  various  times  as  indicative  of 
the  time  of  exposure  for  good  negatives  cannot,  therefore,  be 
considered. 

Mr.  Serrill : — Do  you  try  to  eliminate  shadows  ? 

Mr.  Hoist : — To  a  certain  extent,  yes.  Of  course,  eliminating 
shadows  entirely  makes  poor  photographs.  It  is  necessary  to  have  a 
certain  amount  of  them  in  order  to  get  good  pictures  which 
can  only  be  obtained  by  contrast  between  light  and  shade ;  but 
the  strong  shadows,  such  as  sunlight  produces,  are,  photographic- 
ally, not  desirable.  You  all  have  seen  the  effects  on  pictures 
produced  at  the  seashore,  possibly  pictures  of  your  friends,  where 
there  was  a  big  black  line,  overhead  caused  by  the  rim  of  a  hat, 
and  the  lower  section  a  chalky  white,  owing  to  the  great  in- 
tensity of  the  light.  That  can  be  avoided  by  softening  the 
shadows. 

Mr.  Serrill: — You  have  a  much  geater  illumination  on  one 
side  than  on  the  other  ? 

Mr.  Hoist : — Much  greater ;  I  am  absolutely  certain  that  if 
that  light  had  been  made  symmetrical  and  another  side  put  up, 
the  results  would  have  been  so  very  flat  that  no  one  would  have 
cared   to   look   at   the   pictures. 

Mr.  Bond: —  I  notice  there  is  purposely  left  a  short  space 
or  light  strip  between  the  pictures  on  the  film ;  that  is,  I  take  it, 


SIMONS:      ARTIFICIAL   LIGHT   VERSUS    SUNLIGHT  305 

what  produces  the  flickering  effect.  Would  it  not  be  possible  to 
overlap  the  picture  edges? 

Mr.  Hoist: — Yes,  it  is  possible,  but  that  is  not  the  cause  of 
the  flickering. 

Mr.  Bond : — Then  these  little  strips  do  not  show  as  you  trans- 
fer from  one  picture  to  the  other. 

Mr.  Hoist: — Xo,  because  during  the  motion  the  shutter  oblit- 
erates it.  The  flicker  is  due  to  the  fact  that  while  the  picture  is 
being  placed  on  the  screen  in  that  position,  the  light  on  the 
screen  is  less  than  the  general  illumination  while  the  picture  is 
being  projected.  The  shorter  the  period  of  motion,  the  longer 
the  period  of  projection. 

Mr.  Scrrill: — Does  each  picture  come  to  a  full  stop? 

Mr.  Hoist : — Absolutely ;  the  least  motion  of  the  picture  while 
it  is  on  the  screen  would  simply  cause  a  blur. 

Mr.  F.  N.  Morton  : — I  notice  the  picture  stands  still  for  an 
instant  while  the  shutter  is  open— while  it  is  being  projected; 
I  should  like  to  ask  whether  the  device  which  provided  a  con- 
tinuously moving  strip  was  successful.  As  I  understand  it.  they 
pass  the  film  over  a  revolving  prism  which  projects  the  picture  on 
the  screen  in  such  a  way  that  they  do  not  have  to  stop  it  when  the 
shutter  is  opened. 

Mr.  Hoist: — That  is  quite  right.  Such  a  projector  was  made, 
eight  or  ten  years  ago,  but  it  was  never  placed  on  the  market, 
as  far  as  I  know,  probably  on  account  of  two  reasons  ;  first  the 
cost,  and  second  the  considerable  light  absorption.  Moreover, 
when  the  prism  gets  warm,  it  cannot  possibly  be  kept  true  :  it  loses 
its  sharpness  of  definition  owing  to  the  warping  of  the  surfaces. 
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THE  PHOTOMETRY  OF  MERCURY-VAPOR  LAMPS. 


BY   JOSEPH    C.    POLE. 


Part  I. — Illumination  Generated  by  a  Light-Line. 

The  investigations  recorded  below  treat  photometric  problems 
of  sources  of  light  extended  in  form  of  straight  lines  only.  These 
sources  of  light  are  here  called  "Light-lines"  and  are  always 
supposed  to  be  straight  lines. 

/.      General  Case. 

Consider  a  surface  arbitrarily  defined  and  illuminated  by  a 
light-line  of  given  length  and  a  certain  light  intensity  per  unit 
length  ;  the  illumination  generated  in  any  element  of  this  surface 
is  to  be  computated.  The  light-line  is  supposed  to  be  a  mathe- 
matical line,  that  is,  the  light  may  be  presumed  as  concentrated 
in  the  axis  of  the  luminous  tube,  the  diameter  of  the  tube  being 
neglected.  Furthermore  the  light-intensity  is  assumed  to  be  dis- 
tributed continuously  and  uniformly  over  the  entire  length  of 
the  light-line.  The  latter  supposition  with  mercury-vapor  lamps, 
for  instance,  is  neither  generally  nor  exactly  true  ;  it  will  there- 
fore be  subjected  to  a  closer  study  in  the  third  part  of  the  present 
paper. 

The  photometry  of  light  sources  in  shape  of  straight  lines  as 
well  as  that  of  all  other  lamps,  is,  at  present,  based  upon  the 
punctiform  source  of  light  to  which  all  definitions  of  light  units 
are  related  and  on  the  basis  of  which  the  customary  photometers 
are  developed.  Therefore  the  following  investigations  are  based 
on  the  law  oj  inverse  squares;  further  the  cosine  law  is  assumed 
as  true. 

The  rectangular  coordinate-system,  in  which  the  computations 
are  to  be  performed,  may  be  placed  so  that  the  ^r-axis  coincides 
with  the  light-line  A  B,  Fig.  i,  and  the  origin  with  the  centre 
of  A  B. 

Let  the  light-line  be  L  cm.  long  and  emit  J  candles  per  cm. 
normal  to  the  axis.     Let  the  variable  coordinate  of  the  light-line 

1  A  paper  presented  at  a  meeting  of  the  New  York  section  of  the  Illuminating  Engi- 
neering Society,  April  13,  1911. 
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be  A.     Let,  further,  the  surface,  the  illumination  of  which  is  to 
be  determined,  be  denned  by  the  equation 

F(x,j>,  z)  =  o.  (i) 

The  differential  dX  of  the  light-line   generates  an  illumination 


Fig.  i. — General  photometric  relations. 


d~E  in   the   unit   surface-element   dS  with   the   centre  P  (the  co- 
ordinates of  which  must  satisfy  equation  i), 


<fE  =  ]dX — :,  cos  eA  cos  z'a 
?"a 


(2) 


In  this  expression  rA  signifies  the  distance  P — <A,eA  the  angle  of 
emission  and  zA  the  angle  of  incidence.  These  quantities  can 
be  expressed  as  follows: 

rX2  =  0-A)*+y  +  *\  (3) 


yy  -t-  zi  ,  s 

COS£A  = J  (4) 

i/(^-x)*+y+«" 

The  angle  of  incidence,  that  is,  the  angle  between  the  line  rA  and 
the  perpendicular  N  of  the  surface  in  point  P,  is  determined  by 

cos  i\  =  cos  a„  cos  aA  -j-  cos  ft,,  cos  /3A  -7-  cos  y„  cos  yA  ,     ( 5 ) 

where  u„  ,  /?„  ,  y„  signify  the  angles  of  inclination  of  the  perpen- 
dicular X,  and  aA  ,  /?A  ,  yA  those  of  the  line  rK  to  the  positive 
directions  of  the  coordinate  axes: 
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X  —  X  ] 

COS  aA 


cos  /3A  = 
cos  yA  = 

COS  an    —- 
COS  (3n   = 

cos  y„  = 


\/{x  —  \y  +y  +  zi 
y 

z 

dF  _jr 

da 

dF 
dy 

dF 

d* 


=  / 


(iy+fy+(if): 


V( 


dF\ 
da-/ 


a  +  (")'■ 


/dF\2    .     /dFy    ,     /dFV 


J 
Iu  substituting  the  terms  of  (6)  in  (5)  there  is  obtained, 


(6) 


COS  Ik 


— '  [/(a  —  A)  -|-  my  -j-  nz], 


1   {x-\y  +y  +  z* 

hence,  according  to  (2)   the  illumination  in  P, 


E  = 


t     /    ,   ,     »■    Kx  —  A)  -f  my  +  nz  ^ 
J"1     r  +  Z  -Rx-X^ry  +  ^Y      ■ 


In  this  equation  X  implies  the  variable,  whereas  the  other  quan- 
tities are  constants  for  a  certain  surface  element. 


e  =  jvy  +  zi 


(x  —  X)dX 


l_ 

2 


+  J(wy  +  «2-)  i/y  4^ 


rfA 


[(^_A)»+y  +  <r 


(7) 


POLK:      PHOTOMETRY  OF    MERCURY-VAPOR  LAMPS  309 

The  two  integrals  are  easily  solved   by   introduction  of  the  new 
variable  fx: 


x  —  X 

1  y  +  2* 


dfx.  = 


— dX 


(x  —  X)dX 


1  y-  +  zl 

fxdfx 


Mx-xy  +y  +  *aj       y  +  **\  [i  +v?y 


dX 


2.[(x  —  \y  —  y  -  ~j] 

dp 


x — A. 


const. 


2(/+^)'[(*-A)2+/+*2] 

i  x  —  A 

arc  tan  — ,  +  const. 


-       SYk 


2(y+^2) 


i/y 


E  =  ±  /,  7+^ 


(x  — A)2  +y +  * 


J    A.  =  - 


—    Oj  —  W2")  — ^= 

2  !  y 


(»/V  —   ?/2-)   — :, 

2  7   —  Z- 


x  —  A 


(x  —  xf  yy  +  *2 


A  = 
L 


arc  tan 


x  —  X 


n=^i 


1    f  -  ~'J 


(,_A)'+y+^    (n-iy+y+.-J 


L 


J    my  ~\-  nz 

-    I 


[(*+  -i)  +>*+*■   (*-- ^ )  +  y2+^j 


L 


J   »y/  -f-    W2- 

2     r  —  ^2     i- 


.r — 


L 


1  arc  tan 


—  arc  tan 


1     f  +  z2 


y    f  +  gp-X    ■        (S^ 
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The  formula  becomes  clearer  by  the  following  transformation  : 

r 
„         J 


V  y 


my  +  nz  2 / 


{x+^y+y+z- 
J^       V  y  +  .~2 

J    my  -\-  nz 
2     ]/  y  +  2s 


1  /  y  +  .2  -,/  y  +  ^ 

r  l 

1  x — 

I  my  -\-   nz  2 


—  / 


v  y  ■+ 


arc  tan 


1/  y 


-f-    arc  tan 


L 

x 

2 

i/  y  +  z*  j 


Denoting  in  accordance  with  Fig.  1. 

(*  -f    —J  +  J'2  +  2-  =  ra 


*  + 


*  —  L; 


/  +   *2 

2 

L 

;r 

2 

and  considering,  that 

my  +   nz 

V  y1  +  «" 

where  z.s  stands  for  the  angle  between  line  ^  and  the  perpendicu- 
lar N,  there  is  obtained 


=  cos  ?, 


E  =  —  —  COS    ?s  COS  an 

2    ra\~  s 


j   ,r> 

i.  j  rL~  * 

2     r^  2L      .y 

J      1 


cos  is  -f-  cos 


<*« 


2        5 


cos  is  .  arc  w. 


(9) 
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Equation  (8)  or  (9)  represents  a  family  of  curves  of  equal 
illumination  (equilucial  lines)  in  surface  S,  when  x,  y,  z  are  not 
taken  for  a  determined  point  but  are  understood  as  variables 
connected  by  equation  (1). 

2.   Plane  Parallel  to  Light-Li?ie. 

Let  the  light-line  A  B,  Fig.  2,  be  situated  in  a  distance  "0" 
above  the  plane  of  reference;  polar  coordinates,  p,  <f>,  may  be 
used  here  as  variable  coordinates  of  the  plane. 

A  differential  dX  of  the  light-line   produces  in   the   unit   of  a 


Fig.  2. — Light  from  line  upon  a  parallel  plane. 

plane-element  with  the  centre  P,  an  illumination  d~Et  equal  to 

7TA         T  ,.    cos  eA  cos  t\         _      , dX 

dU,  =  ]dX. ^-5 =  Jay/ a'  -  P2  sin2  <p   —   •         Oo) 

f  k  r  a 

According  to  Fig.  2  is  further 

rK2  =  PR2  +  RM2  =  a2  +  p2  +  X2  —  2pX  cos  <f>. 

By  denoting 

a2  -f  p2  =  b2,  2p  cos  <f>  =  c,  (11) 

we  get 


Ki  =  Jaj/V  +  p2sirr  0 


*/X 


[^  _  a  (X  — 0]! 

L 


(12) 
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\  =  4  -    - 


dX 


dX 


A  =  — 

r 


UY 


(^m* +%)>.&) 


L 


V*-7 


arc  tan 


E,==^ 


2     i    a2  -f  p2  sin2  0 


+ 


L(<32  +  -      +  p2)  —  2Lp2  cos2  <£ 
(a3  +  ^  +  p2)J--(Lpcos<A)2 

V.  A  / 


j/«2  +  p2  sin2  0 


arc  tan 


L|/a2  +  p2  sin'2  0 


(13) 


As  a  special  case  of  equation  (13)   there  results,    for  points  of 
the  x-axis, 


2      I/L(i  + 


i^'+V) 


2? 


-  arc  tan  — ^— - — ( ,  (14) 


and  for  points  of  the  _y-axis 


LL  (i 


iq 


LL  (I+/,2+?2)v//M.?2       ^2+^ 
in  which  terms 


1      q        *    21/^+^  1    ,    . 


q  = 


(16) 


The  illumination  in  the  origin  O,  often  called  a  measure  of  the 
"  apparent  horizontal  candle-power"  of  the  tube,  can  be  deduced 
from  (13)  as 


K=         * 


,      J  f  «L 

2      +  -—>  arc  tan  -    — 2- 

(«'+M         2a  *2-- 

V  4  '  .4 


(17) 
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If  the  angle  <£  be  assumed  constant  and  successively  different 
values  are  bestowed  on  same,  the  equation  (13)  will  then  give 
the  curves  of  illumination  along  the  lines  OP,  from  which 
curves  the  lines  of  equal  illumination  in  the  plane  easily  are 
constructed. 

j.  Photometry  of  Light- Lines. 

The  general  equations  (8)  and  (9)  may  now  be  applied  to  the 
case  in  which  the  perpendicular  of  the  illuminated  surface  (plane) 
element  passes  through  the  centre  of  the  light-line,  Fig.  3.  This 
case  is  of  special  interest  in  the  art  of  photometry,  the  illuminated 


Fig.  3— Light  from  line  upon  plane  element  normal  to  center  line. 

element  of  the  plane  in.P  representing  then  the  photometer  screen 
and  the  straight  line  OP  the  photometer  axis. 

The  computation  is  to  be  performed  in  plane  coordinates.     Into 
the  general  equations  are  to  be  introduced: 

2  =  o, 
s=y, 


7a  =  y„  =  — , 

COS2  aA  —  COS2  /3A  =   I , 

/  = 


m 


1  -i'2  -  y 
y 


1  -1-2  -f  y ' 

n  =  o. 
Equation  (8)  then  assumes  the  form 
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r     r 


S'-^W  (*+^)+s 


_i 


>  +  t)+^    (*— 7)'+ 


2    /  -I 


X  + 


L 


arc  tan  -     —  arc  tau 


y 


y 


2,    jr»+y 


*-+y- 


hy 


(j+y+  ±iy  -{^xy 


-\-  arc  tan 


Lr 


v 


1/ 

4 


(18) 


By  substituting  in  No.  18  ^2  -j-jy2  =  constant  =  rf,  oneobtains 
the  equations  of  the  curve  of  light  intensities  of  the  light-line  for 
a  certain  distance  of  the  photometer  screen.  The  curve  has  a 
cusp  in  the  origin  and  the  maximum  in  [x  =  o,  y  =  ±  rj  : 


E4 


JL 


('•'+£) 


J              .               Lra 
arc  tan 


2r„ 


(:8a) 


which  value  is  identical  with  that  found  in  No.  17.  In  contrary 
to  the  punctiform  source  of  light  such  a  curve  of  light  intensi- 
ties cannot  be  derived  from  another  curve  of  the  same  family  by 
multiplication  with  a  constant. 

In  introducing  the  quantities  r0,  ra,  rd,  w  of  the   Fig.  3  we  can 
also  write  (18)  as 


E  -T    ^r~  +  --1+T    - 


arc  co. 


(19) 
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For  distances   r0  of  the   photometer  screen    that  are  infinitely 

large  in  comparison  to  the  length    L   of   the  light-line  there  will 

in  (19)  be  approximatively 

arc  w 

=  o. 

r 

ra  =  rb  —  r0  . 

As  = —  =  cos  e0  ,  where  e0  means  the  angle  of  emission,  there  is 
ra 

for  great  r 

E.  =  ( ., )  cos  e  .  ( 20 ) 

If  the  very  great  distance  r  be  supposed  as  constant  and  e  as 
variable,  (20)  represents  the  polar  equation  of  two  circles  passing 

through  the  origin  and  having  as  diameters  the  sections  ±  = 

00  °  <\r; 

on  the  r-axis.  Experimentally  obtained  curves  of  the  light  in- 
tensity in  the  meridian  plane  of  mercury-vapor  lamps  show 
indeed,  already  at  comparatively  small  distances  r  ,  a  striking  ap- 
proximation to  the  circular  shape. 

Pvrt   II. — Computable  Luminous  Flux  of  a  Light-Line. 
4.    General  Case. 

Attention  will  now  be  devoted  to  the  investigation  of  another 
quantity,  the  knowledge  of  which  is  necessary  for  estimating  the 
economy  of  luminous  tubes,  the  calculable  total  luminous  flux  <j> 
of  a  light-line.  In  order  to  calculate  <f>  it  is  necessary  to  integrate 
on  a  surface  entirely  surrounding  the  light-line,  the  products  of 
the  area  of  each  element  of  the  surface  and  its  intensity  of  illumi- 
nation. In  performing  the  calculations  our  former  symbols  and 
the  coordinate  system  of  Fig.  1  may  be  preserved. 

The  surface  S  surrounding  the  light-line  may  be  defined  arbi- 
trarily by  equation  (1).  Then  the  area  of  an  element  dS  of  S, 
the  projections  of  the  sides  of  which  in  the  x-y  plane  are  dx,  dy, 
ven  by 


—ifLv(g),+ (£)■+(£)'      (.0 

and  the  total  luminous  flux  is,  according  to  equation  (7 
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,  dx  dy  dX. 


y  = 


dF        dF 

%F  '  -  i  f^'1  dx dy 

d7 


or  according  to  (8),  after  reducing  the  terms  in  brackets 

dF 


dF  dF 

.  y -\-  z 

L-i     yl  +  z2               '      dy                dz 
•  arc  tan —  .  -  — — — dxdy.    (23) 

x2  +  y  +  2" .  - 

4  d^ 
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In  case  the  inclosing  surface  S  be  a  surface  of  revolution  with 
the  (x  axis)  light-line  as  axis  of  rotation,  that  term  sim- 
plifies itself.  The  meridian  section  of  S  in  the  x-y  plane  being 
defined  by 

y  =/(*).  (24) 

the  illumination  produced  in  a  unit-element  of  S  by  a  differential 
of  the  light-line  is  as  per  above 


dUr  =  ]y. 


(x—X).  ^--\-y 
ax 


[(*-x)'+yr\.  +  (£); 

As  the  element  ds  of  curve/ has  a  length 


<A.  (25) 


the  surface  of  revolution  receives  a  total  luminous  flux  of 


27TJJ'  dS   dEr       =       277-J 


(x  —  X)dy  -j-  ydx 

[(x-xy+yy 


dX, 


or,  according  to  equation  (8) 


""J 


kU'     (-+¥ 


y 


■»J 


,      L 

-v         — 

2 

L 

.r  —  — 

2 

K^W 

(-4)*- 

L 

.v  —   — 

L 

arc  tan                    — 

-arc  tan 

> 


flf^T. 


y2  dx 


y  dx 


y 


y 


(26) 
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The  integrals  in  expressions  (23)  and  (26),  after  their  limits 
have  been  calculated,  will  not,  in  general,  reduce  themselves  to 
constant  quantities,  but  will  differ  for  different  functions  F,/. 
Therefore  the  propositioti  of  computing  the  total  luminous  flux  of 
a  light-line,  in  contrary  to  punctiform  sources  of  light,  is  an  in- 
definite problem,  if  the  surface  enclosing  the  light -line  for  which  the 
luminous  flux  is  to  be  calculated,  be  not  simultaneously  defined. 
The  total  flux  of  a  light-line  obtained  by  calculation  will  not  only 
be  different  for  different  species  of  inclosing  surfaces,  it  will,  as 
a  rule,  also  vary  within  one  family  of  surfaces  from  one  surface 
to  another. 

In  interpreting  this  conclusion  it  is  to  be  remembered  that  the 
application  of  a  surface  enclosing  the  source  of  light  is  only  an 
indirect  aid  for  the  calculation  of  $,  either  for  a  pure  mathe- 
matical computation  as  the  above,  or  for  figuring  the  mean 
spherical  flux  from  curves  of  light  distribution  found  by  photo- 
metric observations. 

The  real  physical  flux  of  light  as  we  would  obtain  it  if  we 
could  measure  the  total  energy  radiated  into  space  in  form  of 
light,  is,  evidently,  independent  of  any  imagined  surface  the  light 
passes. 

With  the  punctiform  source  of  light  there  are  no  difficulties 
arising  from  the  method  of  enclosing  surfaces.  But  in  applying 
the  same  method  to  extended  sources  of  light  and  figuring  the 
mean  spherical  luminous  flux  we  will,  as  a  rule,  have  to  use 
different  reduction  factors  according  to  the  kind  of  enclosing 
surface. 

To  illustrate  these  conditions  consider  a  special  case : 


5.   Luminous  Flux  for  a  Co-axial  Cylinder  Surface. 

The  light-line  A  B,  may  according  to  Fig.  4,  be  placed  in  the 
center  of  a  circular  cylinder  open  on  both  sides.  Such  a  case,  for 
instance,  is  realized  in  certain  rotary  blue-print  machines 
equipped  with  mercury-vapor  lamps. 
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-ilr 


-iL — ►! 


iB 


Fig.  4. — Light  from  line  upon  co-axial  cylinder. 

The  flux  sent  by  the  light-line  through  the  cylinder  is 


2irrdx 


}d\ 


COS     £a 


x  =  —  .t'i 


X  =  —  X 1  A  =  + 


2-rjl 


dx 


d\ 


[_{X  —  \y+r*y 


X  =   —  X\  A  =  — 


X 


L 


+  *1 


=»;M 


(-+*)' 


dx  —  7rjr 


(-4)'+- 


af.t 


-V 


L 


-j-frj\  arc  tan  —         — </a-  —  ttJ  \  arc  tan afc  (27) 


The  integrals  are  found  as  follows: 
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,        L 


{x-h)^r 


dx 


=  log.\'(*±T)   +r*  + 


const. 


L 


arc  tan 


dx 


-t-  —  )    arc 

2    / 

r          (*  =■ 

2 

r 

2    lo§" 

;-2 

-j-  const. 


After   substituting   these   terms   ia    (27)    and   calculating   the 
limits  the  luminous  flux  passing  the  cylinder  surface  is  found  as 


</>c  —  ttJL,  arc  tan 


2rx, 


^      +  — ^j 

4 


(28) 


In  the  case  of  an  infinitely  long  cylinder,  x1  =  00  ,  (28)   reduces 
itself  to 

?'.  ^.,  the  total  luminous  flux  is  in   this  special  case  independent 
of  the  radius  r. 

If,  however,  the  cylinder  assumed  is  of  a  finite  length,  2X1}  and 
closed  at  both  ends  by  circular  surfaces,  Fig.  4,  the  flux  passing 
each  of  these  end  surfaces  will  be: 


x  =  H y  =  r 


4>e  =   27I-J1 


»J 


rL 


jf  j  arc  tan  —  -y- 

^2 

*i" 

4 

2 

arc  tan  - 

*i' 

2rjf, 
4 

-  r2 

(29) 
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Hence,  the  total  flux  for  the  closed  cylinder,  will  be  according 
to    28)  and  (29),  after  reducing  the  terms: 


**  + 


7r"JL  -j    27J-J.I-J  arc  tan 


V 

4 


(30) 


-.*', 


The  deductions  in  paragraph  4  and  the  last  example  demon- 
strate sufficiently  that,  when  computing  the  total  luminousflux,it  is 
necessary  in  theoretical  photometry  to  determine  a  definite  stand- 
ard as  basis  of  comparison  of  light-lines  with  punctiform  sources 
of  light.  A  method  by  which  this  may  be  accomplished  will  be 
shown  in  the  following  paragraph. 

6.    Luminous  F  hex  for  Concentric  Spheres. 

Let  the  ;r-axis  of  the  rectilinear  coordinate  system  be  placed, 
as  formerly,  through  the  light-line,  with  its  origin  O  in  the 
center    of   light-line    and   sphere     (Fig.    5)     and    let    the    nota- 


Fig.  5. — Light  from  line  upon  concentric  sphere. 

lions  be  the  same  as  above.  The  luminous  flux  received 
by  a  spherical  element  with  y  as  the  mean  radius  and  dx  as 
height,  is 


d<f>s  = 


27Tj'  ds  dUt 


and  the  illumination  ^Ea  of  the  unit  surface  of   the  spherical 
element  is 
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d~E\   ==  J^A    — a  cos  £a  COS  J\ 

y 

COS  eA  =  

cos  iK  =  sin  (eA  -f-  a„  )  = [*(*  —  A)  -fjr] 

;ta 


^      r2 

d?<^=\  2ttJ  -^[^-A)!/]^. 

r      ;A 


The  equation  of  the  meridian  circle  of  P  is  further 

xi+y1  =  r\  (31) 

and  a  circular  element  is 

Y 

ds  =  —  dx  (32) 

y 


<*.=»J\    y  •  £- A^jT  ^^  (33) 


.#(.*■— A) — .ar-fr2      ,.  .      . 


The  integral  of  the  illumination  in  (34)  is  already  known: 


2    {x  —  A)2  —  xl+rl 
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After  computing  the  limits  of  this  integral  and  substituting  in 
(33)  there  is  obtained 

4 


d<f>s  =  2ttJ.|    r*  —  x1  dx 
4 


(*_  ii)  _*«  +  ,■ 


L 


L   \2  .,  2i/r2  —  „r2 

—  )  —  x~  —  r 


('  -  t) 


arc  tan 


V  »    —  -i- 


x  - 


L 


+ 


21   i 


arc  tan 


1    r-  —  x2 


4- 


.r-  =  +  »- 


^LJ  \        l 


7  -  —  .i 


-  xt, 

4 

A'  =  —  r 


IT"  —  ""-  — 


1     ;--  —  .i-2 


V 


dx 


r  -vL 

4 

x  =  —  r 


1 


x  =  —  r 


.*■  =  —  r 


The  two  last  parts  of   (35)   may   be   reduced   in   the  following 
way : 


L 


L 


,     L  L 

2  2 


arc  tan 


I    r  -— .1- 


—  arc  tan 


2  1     ;-'-'— x-  1     r-' — .l': 

—  =  arc  tan 


j      J-  —  A- 


{'    ")  («4) 


=  arc  tan 


L. 


]/  r- — .rL 
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Moreover  two  new  constants  may  be  introduced: 


Hence, 


/  = 


L 


V 


L        J 


(36) 


r*  +  —  -  -  Lx 

4 


Uf-x) 


4 


L(/+*)    ' 


and  equation  (35)  takes  the  form  : 

x  =  +  r 


x  =  +  r 


<t>s  =  vlf\\rt      "TT-  dx  -f  ^J   \  arc  tan  '    -      "'*'■  ate.      (37) 


/:; 


£" 


-r  =  —  r 


.1-  =  —  r 


In  order  to  integrate  the  first  part  of  (37),  it  may  be  resolved 
as  follows  : 


I    rl 


Jl-x 


—  dx 


yV  —  xl 


dx  -\ 


r2  —  P 
,  xt  , /,.       -dx   (38) 


«?.v 


I    ;-'  —  .1- 


arc  sin 


const. 


(39) 


For  computation  of  the  second  integral   in    (38)  the  new   un- 

x 
known  quantity  t  =     —  is  introduced  and  thus  it  is  brought  to  the 
r 

normal  form  of    an   elliptic  integral  of  the  third  class  with  the 

modulus  zero  : 
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&_.  '■--/■  \         <« 


As  is^well  known,  this  integral  has  the  solutions 


-    ,    f        arc  tan  ^-^^-.t  for  r2</2 


|(«~f    /■)•!-/ 


/ 

o 

=        '  for  r2=/2 

=  -4=log„^S±^^,  for  r2>/2.(4o) 

In  (  36)  we  denoted 

r 
r  rh  L, 

4  v  L  /  4 

The  investigation  in  the  first  instance  being  restricted  to  spheres 
for  which 

L,^    '     2    ' 
there    is    in    this    case    — <  1    and   in     (40)    therefore    only 

the  first  solution   need   be  considered.     After  reintroduction   of 
the  original  unknown  quantities,  there  is  obtained 


-  f2  v^f1 r'1  V1//"2 r2 

dx=  —  ^—     -  arc  tan  '     /  :  -f  const. 


,      /"*  W.-V  ai  ^    tail       .        , 


---.  ff.v  =  arc  sin  I --      — vi arc  tan      ' 

,/ "  —  -v-  V  r   /  V       p  /l     r*—x2 


const.     (41) 
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For  coraputating  the  secoud  integral  in  (37)  the  following  quan- 
tities are  introduced: 


=  u 


g 
7 


=  h 
S 

udu 
dx  =  -g 


1    h-~  «-' 


1   r<— x*    ,  ndu 

arc  tan  a x  —  — g  \  arc  tan  u.  — ,  ,        ( 42 ) 

g  \  1    V-ii- 


and  by  partial  integration, 


71  du 
—  g  \  arc  tan  u  — ==   =    ?  i   h-  —  u2  arc  tan  u 

1    /;'-  —  ir 


du 

g\   ,    /,*_„*  x     ,    ui  .  (43) 


1  1    h~  —  *** 

The    \ — -- — r  du  can  be  found  by  the  following  resolution: 


1    /!-  — 11-  2    \  du  \      du  . 

\(i~  »*)  1    //2-«2  \i    A2— j*2 


arc  sin 


ll     >fc2  — H2 


(-I-)'"  C45) 
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du  \  du  \  dv 


C-^Jl    <  \/,,T      „>>J         u?_  \(i+AV)  !    I-:'' 

k2 


0\/i- 


u 


The  latter  integral  is  an  elliptic  one  of   the  same  species  as  (40) 
and  its  solutions  are 


dv  1  z'iA-M2     c      1  ■•  ^ 

-      ,  arc  tan  —  _    ,  for  /r^>  —  1 


1   i-j-AV)i    1  — r- 


1   i-;J 


for  /r'-=  —  1 


:loS.^?+y--»    ..  for/r<  -  1.    (46) 


2j    —\—h-  1     1—        —  Z'l    — I—/; 

In  (36)  was 


h  -      —  rI< 


;■" 


7     (t)' 


2. 


hence,  if  as  stated  above,  there  be  considered  only  spheres  the 
diameter  of  which  is  larger  than  the  light-line,  h  always  will 
be  positive  and  in  (46)  there  is  always  the  first  solution  proper. 
By  successively  introducing  the  original  quantities  in  (46)  there 
is  obtained  : 
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dv 


I  U1/1  +  K1 

arc  tan 


l(i  +  AV)j/  i  —  »"       1/1  + A*  i/A2— « 


l//z2  —  7*2       ,  , 7<l/i  +  A2  .        I     U 

; —  die  =  1/1  +  /?2  arc  tan      *,_  —  arc  sin  I  —r 

1  +  ttJ  1/  A»  —  »*  \  A 


dn  (t  ) 


arc  tan 


;/  r2  — x 


dx  =  g\/ Kl  —  ul  arc  tan  u 


/ « 1/ 1  +  A2     .  •      /  W  \ 

j/i  +  A2  arc  tan     '  -f  g  arc  sin  I  -y-  I 

~|//r  —  «2  \  /*  / 


^-2    ~-2 


"1/  r*  —  ;r 

=  x  arc  tan \/r-  +  £-2  arc  tan 


1/V2  +  £-2    .  "j/r2  —  _r2 


£"* 


-f  g  arc  sin 


F=f^) 


(47) 


By    substitution  of   the  results  found   in   (41)    and   (47)  into 
equations  (37)  there  is  finally  obtained  the  total  luminous  flux 

for  spheres  with  r  >  —  : 


</>5,  =  w  J 


X  X~\/  fl rl 

f  arc  sin  —       -  i/  f2  —  r2  arc  tan      '  =. 

r         '    J  fj/ri  —  x* 


l_ 


-  x  arc  tan  J — \/rl  -+  gl  arc  tan 


V 12  +  g2   •    V  1"1  —  -i-2 


g 


gx 


x  =  +  r 


g  are  sm 


V* 


(43) 


jr  =  —  r 
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Applying  the  equation  (36),  according  to  which  g"  =  J"1    —  r2, 
the  above  expression  can  also  be  written  : 


<ki  =  WJ 


/arc  sin 


1    /*—  ;'-'  arc   tan 


/l   F= 


;    —  x-  ,  /l    rl  —  x' 

-  x  arc  tan  \  — -..  —  /arc  tg  —  . 


V7^ 


1    /-—  /-   arc    sin 


1   fl  —  .r- 


x  =  —  r 


(49) 


The  computation  of  the  limits  has,  in  order  to  avoid  mistakes, 
to  be  done  by  approximation.  Further  there  is  to  be  kept  in 
mind  that  the  functions  "arc  sin"  and  "arc  tan"  are  to  be 
taken  for  a  single  revolution  only  according  to  the  physical  mean- 
ing of  the  equation.     Thus  : 


<K  =  ^[jf  —  ^A    P  —  r2  —  O  —  77/— tt1,  /-'  _  ;--'] 

V  I z 

-  2^-7  [/-  1  p—y^  =  2--'j  -       4   T       -± 


<ta  =  tt2JL  for  r  >  —  . 


(50) 


Before  discussing  this  remarkable  result,    it   will  be  well   to  cal- 
culate first  the  luminous  flux  for  a  sphere  of  r   ^ —  . 

\   2 

For  r  —  —  there  is 
2 

g  =  o 

and  (37;  changes  for  this  instance  to 
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*■  =  +• 


4>s,  =*=  ■*] 


T. 


dx 


L  ^(t): 


+  »J 


dx 


T^ 


h 


1     ^        2 


J  I, 


+  TJ 


,+4 


J-       -I  L 


(50 


<fcs   =  7T2JL,. 


(52) 


For  r< —    there  is,  according  to  (40) 
2 


atf 


1  — -pf  tl 


:  'nPT,,  — ! — ! ., 

2  I    '-W-  7l    i— /2  — /-j/r2— /2 


r2  _y-, 


K/2--v0l    ^^ 


l/V2— /2  fV**— ■**  +  ■*!    »•*— / 

"-V  =  -^ ;r£-  log-,, " 


2/        &"/W-*2—  ^  ,,,_/2 


1    r2— xl  _,  .      X 

^—7, 5-  dx  =  arc  sm  — 

f'—x-  r 


'  "   p  **//£=? +vz=£-     (53) 


2/     °"/i 


rl—x'z  —  xyr'2—/'1 


Equation   (46)    keeps  its  former    value,    as  h  never  becomes 


imaginary,  and  the  total  luminous  flux,  for  r  <  -  -  is  equal  to 
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J     ,            •       -1-         1    j*  —  p  /  1    j*  -  .r2  —  X  ]    r2  —  P 

<t>;3  =»J     /arc  sin  — +  j —J—  log,/— 


f  \    '-'-'  —  x*  —  X  ]    rl  —P 


—  x  arc  tan  a  ' -71 — '—■> —  fare  tan  : —  - 

\f--r-       J  xyp-x* 


—  1    p-  -  r-  arc  sin 


1    /'-  —  ;r2 


x  =  +  >- 


.r  =  —  r 


(54) 


This  formula  gives  a  complex  term  as  the  numerus  of  the  log,, 
becomes  negative.  Then,  too,  the  term  loses  its  physical  sense 
as  the  light-line,  in  that  instance,  is  not  inclosed  by  the  sphere. 

2 


There  is,  therefore,  in  general,  for  concentric  spheres  of  r  ^ 

<f>s  =  t2  JL. 


So  far  as  computations  of  the  author  on  the  subject  show,  the 
concentric  sphere  and  the  infinitely  long  circular  cylinder  seem 
to  be  the  only  surface -species  which  give  as  total  flux  a  constant 
throughout  the  whole  family  of  inclosing  surfaces. 

The  quantity  <f>;  has  also  another  signification,  namely,  that  of 
the  minimum  value  which  <f>  in  (23)  will  approach  asymptotically 
when  the  surface  inclosing  the  light-line  increases  infinitely. 
Fcr  infinitely  large  surfaces  S  the  finite  length  of  the  light- 
line  and  the  differences  between  the  radii  r  become  negligible, 
the  meridian  section  of  the  photometric  body  of  the  light-line 
becomes  according  to  equation  (20)  an  exact  circle,  and  the 
theoretical  total  flux  <£,  without  regard  to  species  of  surfaces  S, 
is  then  equal  to 

<£.,.  —  •"--'  JL  =  <f>s 

as  to  the  total  flux  for  the  infinitely  large  sphere. 

The  quantity  <f>,  =  <\> v  being  the  only  constant  one,  it  is  here 
proposed  to  define  the  computable  total  luminous  flux  of  straight- 
lines  directly  by  ir2  JL,  a?id  to  accept  this  qua?itity  as  the  comparison 
basis  for  the  photometry  0/  these  sources  of  light. 
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In  order  to  determine  the  total  candle-power  of  a  light-line 
one  would  then  have  to  perform  only  the  one  observation  of  the 
light-intensity  J  radially  emitted  by  the  unit  length  (iem.)  of 
the  luminous  tube. 

As  J  generally  (with  the  exception  of  the  quartz  lamps) 
is  comparatively  low  with  present  day  lamps  of  a  long-extended 
lighting  body,  one  will,  as  a  rule,  prefer  to  read  the  light-inten- 
sity of  the  entire  luminous  tube  placed  normal  to  the  photometer 
axis.  After  having  thus  observed  the  radial  light-intensity  E<, 
at  a  distance  "a"  between  the  center  of  the  tube  and  the  photom- 

2CI  \ 

eter-screen,  (or  "a"  being  measured  by  the  tube  length  q  =  —  J, 

there  is  obtained  according  to  (17) 

_  J  [       2  1  20    "1 

E0  =  -=- H arc  tan  — 

UiTi/  q  q    —  iJ 

and  the  mean  spherical  candle-power  would  thtn  be 
V 


4 


c  p. 


1  2<7 

--.,  +  arc  tan 


(55) 


1  +  ql  q  ?  —  1 


PART  III.      EXPERIMENTAL  RESEARCHES  ON   MERCURY-VAPOR  LAMPS. 

7.     The  Light  Distribution  along  the  Luminous  Column 
of  a  Mercury-Vapor  Lamp. 

While  in  the  two  preceding  parts  the  investigations  were 
general  and  were  without  any  assumption  as  to  the  nature  of 
the  light,  the  third  part  of  this  paper  will  be  devoted  to  mercury- 
vapor  lamps  especially  and  contains  experimental  investigations. 
Under  "mercury-vapor  lamp"  only  the  lamp  invented  by  Dr.  Peter 
Cooper  Hewitt  is  here  understood,  i.  c.,  a  lamp  with  low  vapor 
pressure. 

In  the  introduction  to  the  first  part  the  light-intensity  was 
assumed  as  being  equally  distributed  along  the  entire  luminous 
tube.  However,  with  mercury-vapor  lamps  this  assumption  is 
not  admissible  without  further  investigation.  On  the  contrary, 
it  is,  a  priori,  probable  that  the  light  intensity  will  be  different  in 
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the  middle  of  the  column  from  that  toward  the  ends ;  for,  the 
light-intensity  of  a  mercury-vapor  lamp  depends  in  a  high  degree 
upon  the  vapor  pressure,  that  is  upon  the  local  temperature.  Now 
there  is,  in  a  mercury-arc,  an  over  pressure  on  the  electrodes 
and  although  the  potential  gradient  in  the  luminous  column  is 
constant,  the  local  temperature  decreases  from  the  electrodes 
toward  the  middle,  because  the  electrodes,  on  account  of  the 
comparatively  great  energy  converted  there,  are  radiating  heat 
to  the  luminous  column.  For  this  reason  the  above  assumption 
must  be  modified. 

The  investigations  undertaken  to  this  end  and  described  below 
were  performed  with  a  Bunsen  photometer  and  a  short  mercury- 
vapor  tube  as  comparison  lamp  in  the  following  manner : 

A  stable  mercury-vapor  lamp,  serving  as  a  secondary  standard, 
was  installed  on  one  end  of  a  photometer  bar  230  cm.   (7.5  ft.) 


Fig.  6. — Arrangement  of  photometric  apparatus. 

in  length.  The  lamp  was  inclosed  in  a  large  paste-board  box, 
blackened  inside  and  having  toward  the  photometer  screen,  Fig.  6, 
a  slot  covered  with  glass,  the  width  of  which  could  be  regulated 
longitudinally  to  the  lamp  tube  between  10  to  50  mm.  (0.4  to 
2.0  in.).  The  box  was  provided  with  a  thermometer  and  ad- 
justable ventilating  holes  for  maintaining  a  constant  inside  tem- 
perature. The  other  end  of  the  photometer  bar  was  limited  by 
a  large  black  screen  (S,  Fig.  6.)  provided  at  the  level  of  the 
photometric  axis  with  a  slot  the  height  of  which  could  also  be 
regulated  from  10  to  50  mm.  The  lamp-tube  to  be  studied  was 
suspended  vertical  and  movable  in  clamps  before  the  screen  S2. 
The  Bunsen  photometer  was  one  of  the  usual  kind  with  inter- 
changeable side  mirrors  and  diaphragms,  but  instead  of  the  grease 
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spot  a  star-shaped  cut  in  a  piece  of  opaque  paper  covered  with 
transparent  paper,  was  chosen.  Special  care  was  taken  in  ex- 
amining- different  sorts  of  paper  until  a  paper  thickness  most 
favorable  for  the  mean  illumination,  applied  to  the  photometer 
screen,  was  obtained  and  until  the  tones  of  the  transmitted  and 
reflected  light  were  well  matched.  The  accuracy  of  reading  thus 
obtained  varied,  according  to  the  intensity  of  the  illumination 
on  the  screen,  between  o.i  to  0.5  per  cent. 

The  above-mentioned  secondary  standard  was  a  direct-current 
mercury-vapor  lamp  of  the  type  shown  in  Fig.  7,  of  L  =  10  cm., 


Fig.  7. — Type  of  experimental  lamps  Nos.  I,  2,  3. 


di  =  23  mm.,  with  a  normal  current  of  3.5  amp.;  it  was  run  on 
2.5  amp.  at  .a  constant  temperature  of  the  box,  thermometer 
reading  34  Cent.,  under  which  conditions  it  generated  2.66  inter- 
national candles1  r.  p.  cm.  width  of  slot. 

If  a  lamp  like  this  one,  before  being  used  as  standard,  is  run 

1  Observed  by  comparison  with  a  standard  incandescent  lamp  as  average  of  the  fol- 
lowing six  readings,  of  which  three  were  made  by  the  author  and  three  by  his  assistant  : 
2.65,  2.66,  2.69,  2.65,  2.64,  2.69,  international  candles.  All  light  intensities  referred  to  in 
this  paper  are  figured  in  "international  candles"  (i  international  candle  =  i.ii  Hefner 
candles.)  The  abbreviation  c.  r.  p-  cm.  always  means  :  candles  radial,  per  cm.  of  lumi- 
nous column. 
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about  one  hundred  hours  at  the  normal  current,  in  order  to  pro- 
duce the  first  darkening  of  the  glass,  and  then  is  kept  below 
the  normal  current,  it  will  represent,  at  constant  current  and 
invariable  heat  radiation,  a  very  constant  standard,  easy  to  be 
regulated  and  very  suitable  for  making  observations  similar  to 
those  recorded  herein.  The  light-intensity  of  this  standard  lamp 
decreased  within  300  running  hours  by   1.5  per  cent. 

In  calculating  the  value  of  the  readings  obtained  with  such  a 
photometer  arrangement  it  is  to  be  kept  in  mind  that  the  ex- 
amined lengths  of  the  parts  c,  f,  of  the  luminous  tube  Fig.  6, 
vary  with  the  distance  .1*  of  the  photometer  screen.  Hence, 
the  screen    S2   in   Fig.   6   will   not   expose   a   constant   length   f 

d  —  x 
of  the  standard  lamp,  but  the  stripy  .     - —  — -.     If  therefore 

J  represents  the  candle-power  of  the  secondary  standard  per  cm. 
of  its  luminous  column  and  the  other  photometer   distance  be 
denoted  as  in  Fig.  6,  the  candle-power  of  the  lamp  under  ex- 
amination per  cm.  of   its  luminous   column  will   be   found  as 
_     c     d  —  x     d  —  x  —  b 
J-=J-7~-— — •      x-a     ■  <56> 

The  lamp  used  for  the  investigations  was  a  mercury-vapor 
lamp  of  the  normal  direct-current  type,  as  shown  in  Fig.  7,  with 
aluminous  column  130  cm.  (51.2  in.)  in  length  made  of  one  piece 
of  glass  as  uniform  in  wall  thickness  and  inner  diameter  as  obtain- 
able on  the  market.  This  lamp  was  suspended  vertical  before  the 
slot  of  screen  S,.  Then,  while  the  current  was  kept  constant, 
the  tube  was  successively  slid  down  and  in  each  position  the  light 
intensity  of  the  section  f  of  the  luminous  tube,  exposed  by  the 
slot,  was  measured,  until  the  total  luminous  column  from  the 
positive  electrode  to  the  negative  was  thus  photometered.  Be- 
fore taking  any  reading  on  them,  the  experimental  lamp  as  well 
as  the  comparison  tube,  were  run  two  hours  at  the  respec- 
tive current  intensity  until  both  lamps  developed  perfectly 
stationary  conditions.  For  all  observations  in  this  section  the 
width  of  the  two  slots  was  c  =  f  =  20  mm.  C0.8  in.).  The  tests 
were  performed  with  three  different  intensities  of  the  experi- 
mental tube,  namely  1.5,  2.5,  4.2  amp.  Then  the  same  lamp  was 
shortened  one-third  of  its  length  and  the  light  distribution  along 
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Figs.  8a,  Sb,  and  8c— Distribution  of  light  intensity  along  luminous  columns  of 
lamps  1,  2  and  3. 
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its  luminous  column  measured  again  under  exactly  the  same  con- 
ditions and  current  intensities  as  before.  Subsequently  the  tube 
was  again  shortened  by  one-third  of  its  original  length  and 
subjected  to  the  same  investigations. 

The  results  are  tabulated  herewith  and  plotted  in  the  curves 
of  Fig.  8a,  8b,  8c.  At  the  smallest  current  (1.5  amp.)  the 
reading  of  the  photometer  was  difficult,  as  at  the  small  vapor 
pressure  the  light  radiation  was  very  sensitive  to  the  slightest 
variations  of  current  intensity  and  room  temperature.  The 
irregularities,  which  manifest  themselves  especially  in  the  curves, 
are,  however,  not  to  be  ascribed  to  that  circumstance  only  ;  they 
are  partly  due  to  minute  irregularities  in  wall  thickness  and 
inner  diameter  of  the  glass  tube.  In  such  a  series  of  observa- 
tion- where  special  care  was  not  taken  in  selecting  the  glass  and 
where  the  tube,  on  account  of  great  length,  was  composed  of 
several  pieces,  the  glass  being  incidentally  very  uneven,  the  light 
intensity  along  the  luminous  column  varied  so  much  that  the 
variations  of  the  tube  diameter  could  be  ascertained  by  a  pho- 
tometric reading  such  as  the  above,  almost  as  exactly  as  with 
a  micrometer. 

By  calculating,  (by  the  Simpson's  formula  for  instance)  from 
Tables  I  to  III,  the  average  light  intensity  per  cm.  of  length 
in  the  middle  third  of  the  luminous  column,  JA],  and  the  average 
light  intensity  per  cm.  length  for  the  whole  lamp,  JA.,,  the  values 
of  Tables  IV,  are  obtained.     From  this  it  will  be  seen  that  for 

the  lamp  investigated  the  ratio  ^  comes  in   between   the  limits 

0.944  arid  0.991,  and  on  an  average  amounts  to  0.978.     Probably 

=      is  the  greater  the  longer  the  luminous  column  is. 

J  A, 

Summing  up,  it  may  be  said  that : 

7  he  light  intensity  of  a  mercury-vapor  lamp  is  not  equal 
along  the  entire  luminous  column.  It  is  constant  and  of  the 
greatest    intensity   in    the    middle    third   and   decreases   near   the 
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electrodes.  The  ratio  of  the  mean  local  light  intensity  of  the 
entire  luminous  column  to  the  light  intensity  of  the  middle  third 
may,  for  practical  purposes,  be  taken  with  0.98. 

If,  then,  in  the  former  computations,  J  is  supposed  to  have 
been  measured  in  the  middle  of  the  lamp,  a  correcting  factor  of 
0.98  must  be  introduced  in  the  formulas. 


TABLE  I. —Experimental  Lamp  No.   i. 

Length  of  luminous  column  L  =  130  cm.  Average  diameter  of  tube  in- 
side dti=  2.31  cm.     Average  diameter  of  tube  outside  dt0  =  2.53cm. 

X  =  Distance  of  center  slot  from  positive  electrode  (see  Fig.  6). 
Ja  =  Local  radial  light  intensity  per  cm.  of  the  luminous  column,  i  =  Lamp 
current.  e  =  Potential  difference  between  electrodes.  t  =  Mean  room 
temperature. 

Ja  Ja  Ja 

Ii 

A 
cm. 

I.O 

2-5 

4-5 

7-0 
12.0 
20.0 
30.0 
40.0 
50.0 
60.0 


S     M 


70.0  o    o    o 

8o-°  «  #  8 

90.0  ||   ||   j| 

I  OO.O  '*>      "-o     "*» 

108.0 
1150 
120.0 

123.0 
125.5 
127.5 

129.0 


Intern. 

Intern. 

Intern. 

candles 

canales 

candles 

r.  per  cm. 

r.  per  cm. 

r.  per  cm 

O.32 

I.I8 

2.21 

O.65 

2.  14 

3-44 

O.Sl 

2.56 

3-85 

O.86 

2.70 

3-96 

O.88 

2-73 

4.09 

O.87 

2.74 

4.12 

0.S7 

2-74 

4.13 

O.86 

2.72 

4. 11 

0.S9 
0.S8 
0.89 

re 
0 

if. 

► 
10 

0 

2-74 
2.69 

2.66 

a. 

3 
re 

O 

t/1 

O 

> 

be 

0 

4. 1 1 
4.12 
4. 11 

0.87 

10 

pi 

X 

2.65 

4.0S 

0.89 

|l 

II 

II 

2.62 

II 

II 

II 

4.09 

0.S8 

"*» 

*J 

■»» 

2.64 

•M 

■sa 

4. 1 1 

0.85 

2.58 

4.12 

0.89 

2.60 

4-05 

0.88 

2.60 

4.07 

0.87 

2.56 

4.06 

0.85 

2.54 

3-97 

0.84 

2.46 

3-94 

0.79 

2.29 

3-82 
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TABLE  II.— Experimental  Lamp  No.  2. 

Length  of  luminous  column  L  =  82  cm.      Average  diameter  of  tube  inside 
2. 30  cm.     Average  diameter  of  tube  outside  dto=  2.52  cm. 


A 
cm. 

I.O 

2-5 

4-5 
7-5 
11. o 
16.0 
24.0 
34-o 
44.0 
54-0 
62.0 
67.0 
72.0 
75-o 
77-5 
79-5 
81.0 


TABLE  III.— Experimental  Lamp  No.  3. 

Length  of  luminous  column  L  =  36  cm.      Average  diameter  of  tube  inside 
dn  =  2.26  cm.     Average  diameter  of  tube  dt0  =  2.48  cm. 


cm. 

1.0 

2-5 

4-5 

8.0 

12.0 

16.0 

21.0 

26.0 

29.0 

3i-5 

33-5 

35-o 


Ja 

Ja 

Ja 

Intern, 
candles 

Intern, 
candles 

Intern. 

candles 

.  per  cm. 

r.  per  cm. 

r.  per  cm. 

O.44 

I.26 

2-74 

O.79 

2-33 

3-78 

O.96 

2.72 

4.09 

I. OI 

2.79 

4. 1 1 

I. OI 

2.S2 

4.17 

I.OI 

2-77 

4-17 

I.OI 

1.02 
1. 00 
1.04 

d 

0 
0 

en 

vq 

u 

be 

a 

V 

2.81 
2.81 
2.77 
2.72 

£3  it. 
11  1 

4.17 
4.20 
4.18 
4.17 

0.97 
0.97 

II 
•** 

II 

«0 

II 

2-73 
2.72 

II     II 

4.18 
4.17 

0.96 

2-74 

4.17 

0.96 

2.72 

4.12 

0.90 

2.72 

4.  n 

0.86 

2.62 

4.00 

0.79 

2-33 

3-58 

ft  «    u 
at   9    c 

O     o     w 


Ia 

Ja 

Ja 

Intern. 

Intern. 

Intern. 

candles 

candles 

candles 

r.  per  cm. 

r.  per  cm. 

r.  per  cm. 

O.47 

1-45 

3.26 

O.c.2 

2-34 

4-05 

1.02 

2-74 

4-35 

1.04 

•    j-    ** 

2.82 

•     m     *- 

4-39 

1.03 

S  "3  "-5 

2.85 

P.  .2    M 

4.40 

0.99 

«  >  5 
000 

2.84 

85  >  3 

0  -  0 

4.40 

1.02 

ir;      . 

2.86 

»  d  - 

4-39 

0.99 
0.99 

«     to   « 

H      II      II 

2.84 
2.82 

II  II 

4-39 
4.41 

0.98 

2.82 

4.40 

o-95 

2.72 

4-32 

0.81 

2.49 

4.07 
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TABLE    IV. 


Length  of  luminous  col- 
umn L  cm. 


-36- 

25 


i-5  2-5 


— 130- 

2-5 


Current  intensity /'amp.    1.5          25  42           1.5  2.5  4.2  1.5  2.5  4.2 

Ja,  Int.  c.  r.  p.  cm..  r.oo7  2.S51  4.402    i.or4  2.773  4-i8s  0.887  2.6S5  4.104 

J as  Int.  c.  r.  p.  cm-.  0.950  2.77!  4.343   0.981  2.743  4. 141  0.871  2.65!  4.074 

-Li2  0.944  0.972  0.9S6  0.967  0.989  0989  0.982  0.987  0.991 

JA8 


S.      The   Light  Intensity   and  Specific   Consumption    Obtainable 
zvith  Mercury-Vapor  Lamps. 

In   order    to    determine    the    relation    the    light    intensity    and 
economy  bear  to  the  tube  diameter,   six  similar   mercury-vapor 


L-4<d 


4r 


Fig.  9. — Type  of  experimental  lamps  Nos.  4  to  9. 


lamps  of  equal  length  of  luminous  column  but  different  tube 
diameter  were  made,  and  a  center  section  of  the  luminous  col- 
umn of   each   one  was   subjected   to   a  photometric  observation 
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under  simultaneous  reading  of  current  intensity  and  potential 
difference  between  electrodes.  The  experimental  lamps  had  the 
shape  shown  in  Fig.  9,  and  were  designed  for  direct  current, 
vertical  running  position,  with  anodes  of  iron  and  unpainted 
spherical  cooling  chambers  on  both  terminals.  The  dimensions  of 
the  positive  electrodes  were  kept  so  that  all  lamps  at  normal 
current  had  about  the  same  current  density  at  the  anode ;  the 
outside  diameter  of  the  negative  chamber  had  such  a  ratio  to  the 
inner  tube  diameter  that  the  lamps  operated  under  nearly  uni- 
form temperature  conditions.  The  characteristics  in  Fig.  10a 
prove  that  these  proportions  were  struck  upon  as  correctly  as 
possible  without  excessive  costs. 

The  investigations  were  made  with  the  above  described  photom- 
eter and  standard  lamp ;  the  slot  width  was  c  =  f  =  50  mm. 
(2.0  in.).  The  experimental  tube  was  fastened  in  front  of  the 
screen  S2,  Fig.  6,  its  center  being  coincident  with  the  center  of  the 
slot.  The  photometric  readings  were  not  taken  until  perfectly 
stationary  conditions  were  reached  which  consumed  from  y2  to 
Y\  hour  after  every  change.  The  current  intensity,  both,  of  the 
standard  and  the  experimental  lamp,  was  carefully  regulated  by 
a  second  observer,  and  was  changed  step  by  step,  beginning  with 
the  minimum  current  on  which  the  arc  could  just  be  maintained 
with  plenty  of  self  induction  in  the  circuit,  up  to  the  maximum 
current  intensity  where  the  positive  electrode  started  to  grow 
red-hot  and  the  anode  drop  increased  rapidly,  beyond  which 
point  a  continuous  running  of  the  lamp  was  impossible.  The 
photometric  readings  could  be  taken  very  exactly. 

The  results  are  contained  in  the  Tables  V  to  X,  the  respective 
calculations  are  performed  with  a  20-in.  slide-rule.  The  letters 
signifying  the  dimensions  of  the  different  experimental  lamps 
refer  to  Fig.  9:  "%'  designates  the  current  intensity  of  the  arc. 
"e"  the  potential  difference  between  the  electrodes  of  the  lamp. 
"t"  the  mean  room  temperature  during  the  test,  J  the  meas- 
ured radial  light  intensity  of  a  center  streak  of  the  luminous 
column  of  the  lamp  investigated  based  on  a  unit  of  2.66  inter- 
national candles  r.  p.  cm.  of  the  standard  lamp  (see  above)  ; 
to  =  e  i    is  the  watt  consumption  excluding  the  series  resistance 

ei 

and    w  = — — -     the    specific    watt   consumption  referred   to 

0.98  L  J  1  v 
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the  entire  lamp  and  taking  into  account  the  factor  0.98  of  the 
previous  chapter. 

In  regard  to  the  value  e  for  the  highest  current  intensity  of 
every  lamp  it  may  be  set  forth  that  these  are  the  only  observa- 
tions of  each  series  that  are  not  quite  correct,  because  the  tem- 
perature of  the  positive  electrodes  under  that  overload  became 
so  high  that  the  lamp  voltage  was  very  unstable. 


TABLE  V.— Experimental  Lamp  No.  4. 

Dimensions  of  tube:  column  L  =  30  in.  =  765  mm.  Tube  diameter  in- 
side, dti  =8.6  mm.  Tube  diameter  outside,  dto  =  9.9  mm.  Diameter  of  the 
positive  cooling  chamber,  dp  =  19.2  mm.  Diameter  of  the  negative  cooling 
chamber,  d„  =  22.5  mm.  Dimensions  of  the  positive  electrode  (see  Fig.  9) : 
g  =  9  mm.,  h  =  11  mm.     Mean  room  temperature  /  =  27  centigr. 


j 

'  0.98JL 

Amp. 

Volts 

Inter. 

candles  radial 

per  cm. 

Watts 

Watts 

per  candle 

O.60 

III. 4 

I.560 

66.8 

O.568 

O.80 

109.6 

1-759 

87.6 

o.665 

O.9O 

II8.8 

I.800 

106.9 

0.792 

I. OO 

123.0 

I.9O4 

123.0 

0.862 

I.I5 

151.* 

2-154 

170.0 

1.075 

*  Uncertain. 

TABLE   VI, — Experimental  Lamp  No.  5. 

Dimensions  of  tube  :  L  =  765  mm.,  dti  =  15.6  mm.,  dt0  =  17.6  mm. 
dp  =  25.4  mm.,  d„  =  40.5  mm.  Dimensions  of  the  positive  electrode  :  g  = 
13  mm.,  h  =  14  mm.      /  =  28  centigr. 


1 

Amp. 

volts 

j 
Inter,  candles  radial  per  cm. 

Watts 

0.98  L  J 
Watts  per  candle 

0.70 

76.5. 

0-779 

53-5 

0.917 

O.90 

74.2 

1. 164 

66.8 

0.766 

I.20 

70.0 

2.050 

84.0 

0-547 

I-50 

66.8 

2-556 

100.2 

0.523. 

I.80 

66.5 

2.814 

119. 6 

O.567 

2.IO 

68.5 

3.109 

143-8 

O.6I7 

2.40 

73.0* 

3-3i7 

I75-I 

O.7O5 

2.70 

88.5* 

3.6o9 

237-4 

0.878 

*  Uncertain. 
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TABLE  VII.—  Experimental  Lamp  No.  6. 

Dimensions  of  tube:  L  =  765  mm.,  du ■=  25.0mm.,  dto  =  27.1  mm.,  dp  = 
34.4  mm.,  d„  =63.4 mm.  Dimensions  of  positive  electrode  :  ^  =  17  mm., 
//  =  19  mm.      t  =  25  centigr. 

1  «  J  e  * 


"  _   0.98  L  J 

Amp.  Volts        Inter,  candles  radial  per  cm.      Watts  Watts  per  candle 

0.75  58.6  0.191                          43.9  3,070 

1. 15  56.1  0.626                     64.5  i-37s 

1.50  54-5  0.932                      81.7  1. 170 

1.90  52.3  1.687                      99-4  0.786 

2.30  50.5  2.352  1 16. 1  0.659 

2.70  4S.6  3.029  131.1  0.57^ 

3.10  47.0  j.753  145.6  0.518 

3-5o  45-6  4-05  159-4  0.525 

3.90  46.3  4.19  180.6  0.575 

4.30  51.2  4.27  220.0  o.6Ss 

4.70  68.*  4-43  3'9-4  0.964 
*  Uncertain 


TABLE  VIII.— Experimental  Lamp  No.  7. 

Dimensions  of  tube  :  L  =  765  mm.,  dn  =  35.0  mm.,  dta  =  37.5  mm.,  dp  - 
48.0  mm.,  d„  =  89.0  mm.  Dimensions  of  positive  electrode  :  g  =  24  mm. 
h  ■=.  25  mm.      t  =  23  centigr. 


I 

e 

J 

ei 

W  =    

0.9S  L  J 

Amp. 

Volts 

Inter,  candles  radial  per  cm. 

Watts 

Watts  per  candle 

0.S5 

49-2 

O.194 

41.8 

2.S70 

I.20 

49.0 

0.34i 

58.S 

2.302 

I.70 

48.0 

0.59S 

8l.6 

I.820 

2.20 

46.2 

I.OI7 

101.6 

x-332 

2.70 

44-4 

I- 651 

119.9 

0.969 

3.20 

43-2 

2.3O4 

138.2 

0.801 

3- 70 

42.0 

3-042 

J55-4 

0.682 

4.20 

40.6 

3-753 

170.4 

0.607 

4.70 

39-3 

4.38 

184.6 

0.563 

5.20 

38.6 

4.86 

200.8 

o-55: 

5-70 

3S.6 

5-II 

219.9 

o.575 

6.20 

41.0 

5.20 

254-o 

0.652 

6.70 

50.* 

5-12 

335-o 

0.874 

6.90 

60.* 

4.87 

414.0 

I.I35 

*  Uncertain. 
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TABLE  IX.— Experimental  Lamp  No.  8. 

Dimensions  of  tube  :  L  =  765  mm.,  dn  =  45.8  mm.,  0^=47.6  mm.,  dp 
=  61.6  mm.,  d„  =  1 16.0  mm.  Dimensions  of  positive  electrode  :  g  —  31 
mm.,  h  =  24  mm.      t  =  22  centigr. 


Amp. 

Volts 

Inter,  cat 

dies  radia' 

per  cm. 

Watts 

I.20 

41.8 

O.167 

50.2 

I.80 

41.7 

o-344 

75-0 

2.50 

41-5 

0.613 

IO3.7 

3.20 

40.7 

1.090 

130.2 

4.00 

39-o 

1-843 

156.0 

4.90 

37-5 

2.8o<) 

183.6 

5-So 

36.5 

3762 

211. 4 

6.80 

34-7 

5. IS 

235-9 

7.80 

33-3 

6.06 

263.3 

8.80 

33-3 

6.7S 

292.8 

9.80 

34o 

7.. 8 

332-9 

10.40 

37-6 

7.27 

390.8 

10.70 

49.* 

7.09 

524.0 

*  Unce 

rtain. 

TABLE  X. 

—Experimental  Lam 

0.98  L  J 
Watts  per  candle 

4.OI0 
2.9I6 
2.25s 
1-594 
I-I3o 
O.873 

0-75i 
O.608 
O.580 

0-577 
O  62o 

0.7I8 

0.987 


Dimensions  of  tube  :  L  =  765  mm.,  da  =  61.5  mm.,  dte=  66.0  mm.,  dp  = 
80.8  mm.,  dn  =  152.5  mm.  Dimensions  of  positive  electrode  :  g  =  38  mm. 
h  =  35  mm.      /  =  27  centigr. 


1 

j 

0.98  L  J 

Amp. 

Volts 

Inter. 

candles  radial  per  cm. 

Watts 

Walts  per  candle 

1.50 

36.5 

O.I96 

54-7 

3-727 

2.30 

36.5 

0-374 

84.0 

2-995 

3.20 

36.5 

O.7I3 

1 16.7 

2,188 

4.10 

35-7 

1.206 

146.4 

1.620 

5.10 

34-5 

1-855 

175-8 

1.266 

6.20 

33- 1 

2-772 

205.0 

0.98s 

7.40 

32.1 

3.843 

237.3 

o.825 

8.70 

31.O 

5.IO 

269.6 

0.707 

10.00 

30.0 

6.23 

300  0 

0.644 

n.30 

29.2 

7-23 

330.0 

0.609 

12.40 

29.0 

7.86 

359-5 

0.610 

13.00 

29.0 

8.10 

376.8 

0.621 

14.00 

29-5 

S.41 

413.0 

0-655 

15.00 

30.2 

8.56 

453-o 

0.707 

16.00 

34-* 

8.31 

544-0 

0.874 

*  Uncertain. 
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For  the  sake  of  greater  lucidity  the  values  c  and  w  of  the  above 
tables  are  plotted  as  functions  of  i  in  the  Fig.  10a  and  b,  each 
curve  being  marked  with  the  number  of  the  corresponding  ex- 
perimental tube.  First,  one  will  discover  that,  observation  errors 
excepted,  all  lamps  show  the  least  specific  watt  consumption 
at  the  lowest  point  of  their  characteristic,  that  is  at  the  minimum 
terminal  voltage.  As  this  point  of  the  characteristic  not  only 
signifies  the  most  favorable  vapor  pressure  but  also  is  remark- 
able for  the  steadiness  of  the  mercury  arc,  the  coordinate  current 
intensity  is  here  called  the  normal  current  of  a  mercury-vapor 
lamp  and  is  denoted  by  z"„. 

A  superficial  contemplation  of  the  curves  in  Fig.  10b  might 
lead  to  the  wrong  conclusion  that  the  specific  consumption  ob- 
tained with  mercury-vapor  lamps  was  almost  independent  of  the 
tube  diameter  and,  without  taking  into  consideration  the  series 
resistance,  amounted  to  about  0.5  watt  per  C.  r.  This  is  not 
the  case.  As  is  well  known,  the  potential  difference  consumed 
in  a  (mercury) -arc  can  be  divided  in  two  parts,  each  one  dis- 
tinguished from  the  other  in  a  physical  and  technical  sense :  The 
electrode  fall  of  potential,  AC1  A,,  and  the  potential  drop  in  the 
luminous  column.  Within  the  limits  actually  to  be  taken  into 
consideration,  the  cathode  fall  of  potential,  A,,  of  the  mer- 
cury-arc is,  almost  invariable  and  equal  to  5.3  volts.  The  anode 
fall,  A„  is  dependent  upon  the  material  of  the  electrode,  the 
current  density,  the  temperature  and  vapor  density  at  the  positive 

electrode.     The  potential  gradient  of  the  luminous  column  -r-- 

a  \ 

is  constant  along  the  entire  column  and  is  dependent  only  upon 
the  vapor  density  or  local  temperature  and  upon  the  ratio  of  the 
number  of  conductive  mercury  particles  to  the  number  of  neutral 
vapor  (or  gas)  particles  per  unit  volume.  Let  L  signify  the 
length  of  the  luminous  column,  approximately  equal  to  the 
electrode  distance  minus  the  length  of  dark  cathode  space,  then 
the  potential  difference  between  the  electrodes  of  a  mercury- 
vapor  lamp  can  also  be  expressed  by 

e  =  .Ac  +  Aa  +  ^y.rh=f(i),  (57) 

or  for  a  certain  lamp  and  a  determined  current  intensity 

e  =  A  +  B  .  L,  (58) 
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where   A  and   B   mean   constants   depending   upon  the   current 
density  and  the  heat  radiation  conditions. 


Fig.  10a. — Variation  of  potential  differ- 
ence between  electrodes  with  current  for 
different  inner  tube  diameters. 


Fig.  10b.— Variation  of  specific  con- 
sumption with  current  for  different  inner 
tube  diameters. 


Hence,  of  the  total  energy,  consumed  in  the  arc,  only  the  part 


of 


B  .  L 


100  per  cent.,   belonging  to  the  luminous  column,  is 
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directly     utilized     for    generation    of    light,    while  the    rest    of 

-  100  per  cent,    is  converted  into  heat   at  the  electrodes,   thus 
e 

not  only  contributing  nothing  to  the  light  radiation,  but  more- 
over even  decreasing  the  efficiency  of  the  light  column  by  about 
2  per  cent,  by  heating  it,  as  mentioned  above. 

Neglecting   the    energy    wasted   in    the    series   resistance,    the 
theoretical  efficiency  of  a  mercury-vapor  lamp  is  therefore 

(59) 


"        A  -f  B  .  L, 

If  the  current  intensity  and  all  lamp  dimensions  with  the 
exception  of  the  length  of  the  tube  be  assumed  constant,  then 
with  increasing  L,  i\t  will  continuously  approach  unity.  The 
characteristics  of  Fig.  10a  prove  further  that  B  decreases  with 
increasing  tube  diameter,  whilst  A  is  almost  independent  of  the 
tube  diameter,  provided  that  the  current  density  and  the  tempera- 
ture of  the  anode  are  not  changed.  Hence,  when  L  is  kept 
constant  and  the  tube  diameter  is  increased  as  with  the  experi- 
mental lamps  Nos.  4  to  9,  t\t  will  always  decrease;  that  is  the 
specific  consumption  would  be  found  becoming  always  smaller. 
In  order  to  answer  correctly  the  question  for  the  maximum 
obtainable  economy  one  must  subtract  the  energy  converted  into 
heat  on  the  electrodes,  and  take  into  account  only  that  part 
consumed  in  the  luminous  column ;  that  is,  as  theoretical  effi- 
ciency is  to  be  formulated  the  limit  which  may  be  called  the  ideal 
efficiency  of  the  mercury-vapor  lamp : 

■"  =  "-■  [a  +  bLlL-.-  <6o) 

Certainly  one  must  not  forget  that  this  efficiency  has  a  purely 
theoretical  meaning;  for  in  order  actually  to  reach  rj,  with  large 
tube  diameters,  one  would  arrive  at  tubes  so  unproportionately 
long  that  the  lamp  would  not  be  practical. 

At  normal  current  the  electrode  fall  of  potential  of  a  mercury- 
vapor  lamp  of  the  type  shown  in  Figs.  7  and  9  with  iron  anode, 
is    1 1.9   volts   including   the  little   drop   in   the   negative   cooling 
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chamber.     The  ideal  specific  watt  consumption  of  the  lamps  Xos. 
4  to  9  would,  therefore,  be 


e  —  11. 9 
w,  —  .  w. 


In  calculating,  in  this  way,  the  magnitude  of  u\  for  the  corre- 
sponding normal  currents  in  for  every  one  of  the  six  experimental 
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Fig.  11.— Variation  of  the  normal  current  and  specific  consumption  with  the  inner 
diameter  of  the  tube. 


tubes  from  tables  V  to  X  and  the  curves  of  Fig.  10a  and  ioband 
plotting  w{  and  i„  as  functions  of  the  inner  tube  diameter,  the 
curves  of  Fig.  11  are  obtained. 
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To  summarize  the  deductions  of  this  chapter  one  now  may 
say : 

For  the  estimation  of  the  minimum  specific  consumption  attain- 
able with  a  mercury-vapor  lamp,  tn'o  quantities  are  important: 
The  normal  current  intensity  of  the  lamp,  i,n  ana  the  iaeal  effi- 
ciency, »/,.  The  difference  of  the  potential  beiwee?i  the  lamp  elec- 
trodes, being  expressed  by  the  relation 

e  =f{i)  =  A  -  BL. 
tn  and  7),  are  defined  by 

-+- =  o,      rfi  —  hm.     -—— 

The  lamp  reaches  the  best  specific  consumption  at  the  normal 
current  intensity. 

The   smallest   specific   watt   consumption    theoretically    obtain- 
able, w,        n,  .  — : — ; — -r,  decreases  with  increasing  hibe  diameter. 
h     0.98 /,/'  * 


p.     The   Alternating    Current    Mercury-Vapor    Lamp. 

In  addition  to  the  above  experiments  referring  exclusively 
to  lamps  for  direct  current,  the  mercury-vapor  lamp  for  alternat- 
ing current  may  here  be  submitted  to  a  short  investigation.  As 
is  well  known,  this  type  lamp  operates  on  the  principle  of  the 
mercury-vapor  rectifier,  the  energy  of  the  converted  electric 
current  being  consumed  in  an  extended  luminous  column  of  the 
rectifier  bulb  itself  and  there  transformed  into  light  radiation. 
It  does  not  seem  desirable  to  enter  here  into  the  details  of  the 
complicated  but  well  analysable  phenomena  in  this  type  lamp, 
but  merely  to  ascertain  if  its  light  radiation  is  dependent  upon 
the  magnitude  of  the  fluctuations  of  the  rectified  current  and 
to  determine  what  the  relation  of  its  light  intensity  is  compared 
with  that  of  a  direct  current  lamp. 

For  the  experiments  a  special  mercury-vapor  tube  was  so  con- 
structed that  it  could  be  run  as  well  on  direct  as  on  alternating 
current  with  however  great  current  pulsations.  This  tube  had 
two  main  iron  anodes  a1?  a2  Fig.   12,  and  a  mercury  cathode  c. 
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For  maintaining  the  intensive  ionization  of  the  cathode,  inde- 
pendently of  intensity  and  pulsations  of  the  rectified  current, 
an  auxiliary  anode  a3  of  mercury  was  provided  and  between  a3 
— c  an  arc  of  i.o  amp.  and  was  maintained  from  a  direct-current 
source. 

This  lamp  tube  was  fastened  vertical  in  clamps  before  the 
screen  S2,  Fig.  6,  of  the  above  described  photometer  with  the 
center  of  the  slot  in  the  half  height  of  the  luminous  column ;  as  a 
standard,  use  was  made  of  the  above  described  short  mercury- 


Fig.  12. — Type  of  experimental  lamp  No.  10. 


vapor  lamp,  the  slot  widths  being  c  =  f  =  50  mm.  (2  in.). 
The  rest  of  the  experimental  arrangement  may  be  perceived 
from  Fig.  13.  Therein  Sw  signifies  a  three-pole,  double-throw 
switch  connecting  the  lamp  to  the  direct-current  source  in  posi- 
tion I  and  to  the  alternating-current  source  in  position  II :  T  is  an 
auto-transformer  the  two  terminals  of  which  were  connected 
to  the  main  positives  a1}  a2  whilst  the  neutral  point,  as  usual,  led 
to  the  cathode  c.  The  voltage  of  the  supply  to  T  was  regulated 
by  means  of  a  variable-ratio  transformer  and  a  small  resistance. 
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For  regulation  of  the  direct  current  the  resistance  R2  was  used. 
When  the  lamp  was  operated  on  direct  current  there  was  the 
danger  that,  when  the  positives  alt  a2  became  unequally  heated, 
the  current  would  pass  only  over  one  of  them  and  thereby  render 
the  conditions  different  from  what  they  would  have  been  on 
alternating  current,  on  account  of  the  different  current  densities 
at  the  anode.  To  prevent  this  an  equalizing  resistance,  R15  was 
cted  to  the  main  positives,  so  that  each  electrode  got 
1  _.  Rx  and  an  eventual  overloading  of  one  electrode  was  auto- 
matically balanced  by  the  drop  of  potential  in  the  two  resistance 
halves. 

When  a  lamp  such  as  the  above  is  run  on  alternating  current 


Fig.  13. — Diagram  of  experimental  arrangement. 

the  magnitude  of  the  pulsations  of  the  rectified  current  (which 
had  to  be  varied)  is  determined  first  by  the  inductance  before 
the  cathode,  then  by  the  inductance  of  the  other  circuits  and  the 
wave  shape  of  the  primary  alternating  current.  The  two  latter 
were  almost  constant,  but  the  inductance  in  series  with  the 
cathode  was  variable :  for,  it  consisted  of  the  invariable  inductan- 
f  the  ammeters  Mlf  M2  (Fig.  13)  and  of  the  two  self  in- 
duction coils  Lj  L2  each  to  be  singly  short-circuited. 

A  perfect  study  of  the  course  of  the  rectified  current  would 
have  been  achievable  by  taking  its  wave  shape.  As  instru- 
ments for  this  purpose  were  not  available  the  following  method 
was  used  for  ascertaining  the  magnitude  of  the  current  fluctua- 
In  series  with  the  cathode  were  connected  three  am- 
meters each  of  a  different  type :  a  direct-current  ammeter,  Mt 
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of  the  type  with  a  movable  spool  in  the  field  of  a  permanent 
magnet,  a  hot  wire  ammeter  M2  and  ammeter  M3  of  the  induc- 
tion type.     The  ammeter  Mx  showed  the  mean  current  intensity 

(Fig.  14)  of  the  pulsating  current.  Ammeter  M2  measured  the 
mean  effective  current  value 


tJ>* 


whilst  M3  indicated  only  the  alternating  current  wave  superposed 


Fig.  14  —Pulsating  current. 


upon  the  direct  current,  that  is  the  mean  effective  value  of  the 
pulsations 


L   o  o 


For  a  wave  of  pure  sine  shape  there  would  have  been  the  well- 
known  relation, 


For  performing  the  measurements  the  experimental  lamp  was 
started  on  the  lowest  direct  current  intensity  and  the  current  was 
kept  at  this  adjustment  until  it  became  perfectly  stationary,  then 
the  photometer  readings  were  taken.  Later  the  switch  S„.  was 
connected  to  alternating  current  with  the  largest  self  induction  in 
the  circuit  of  the  cathode,  that  is,  with  adjustment  for  smallest 
pulsations  of  the  rectified  current.  The  alternating  current  was 
regulated  by  the  variable-ratio  transformer  to  exactly  the  same 
value  ix  as  read  on  M1  formerly  and  kept  at  this  current  intensity 
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for  ten  minutes ;  the  lamp  now  being  warm  enough  from  the 
previous  observation,  the  stationary  current  conditions  were 
reached  and  the  photometer  reading  could  be  taken.  Subsequent- 
ly the  current  pulsations  were  increased  by  short-circuiting  the 
larger  one  of  the  self  induction  spools ;  by  properly  regulating  the 
alternating  current,  /,  was  again  brought  to  the  same  value  as 
before  and,  after  ten  minutes,  the  photometric  observations  were 
made  again.  Finally  by  short-circuiting  both  coils  h1,  L2,  the 
fluctuations  of  the  rectified  current  were  raised  to  the  highest 
obtainable  magnitude,  and  the  photometric  tests  were  taken 
again  at  the  same  value  of  it.  One  series  of  observations  being 
thus  completed  the  lamp  was  switched  over  to  direct  current,  t\ 
was  increased  by  changing  the  resistance  R2  and  the  observations 
were  repeated   in   the  same   sequence. 

The  data  obtained  are  shown  in  Table  XI  under  the  former 
symbols.  J,,-  signifies  the  light  intensity  of  the  experimental  lamp 
on  direct  current  in  C.  r.  per  cm.  of  the  luminous  column,  J,n,  J„2,  ]C3 
are  the  light  intensities  of  the  same  lamp  on  alternating  current 
with  smallest,  medium  and  greatest  current-pulsations;  e  stands 
for  the  voltage  between  the  terminals  at  or  a2  and  c  when  the 
lamp  ran  on  direct  current.  Readings  of  the  lamp  voltage  with  al- 
ternating current  were  not  taken  because  with  mercury  arc  recti- 
fiers such  readings  are  worthless  unless  made  with  a  synchronous 
contact  apparatus  and  no  such  device  was  at  hand. 

The  arc  could  not  steadily  be  maintained  on  alternating  current 
at  the  very  small  current  intensities  and  without  sufficient  self 
induction  in  the  circuit  of  the  cathode ;  for,  although  the  cathode 
had  been  kept  ionized  by  the  auxiliary  arc  a.. — c,  the  electrode 
distance  ax  c  was  still  too  great  for  the  low  alternating  voltage 
impressed  upon  the  electrodes. 

In  comparing  the  values  of  the  light  intensities  at  a  certain 
mean  current  intensity  ?\  one  will  find  a  striking  conformity  be- 
tween them,  and  will  now  understand  why  it  was  just  the 
same  mean  current  i13  that  each  observation  series  was  based  on. 
The  comparison  can  be  made  plainer  by  means  of  the  percentage 

difference, -'—- — — .  100    contained  in  the  table.  It  is  true  that, 

even  when  the  observation  errors  are  taken  into  consideration, 
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an  increase  of  those  differences  with  increasing  fluctuations  is 
not  to  be  denied ;  for,  as  the  table  shows,  the  average  deviation 

H— - — —  was    the  smallest  at  the    smallest   current    pulsations, 

J; 

namely  only  -(-0.095 ;  it  increased  with  medium  inductance  to 
-f-  0.261  and  reached  the  maximum  value  of  -f-  1.81  at  the 
greatest  current  fluctuations.  However,  these  discrepancies  are 
so  small  that  they  practically  can  be  neglected,  especially  con- 
sidering that  the  light  would  flicker  very  disagreeably  even  with 
a  damping  of  the  fluctuations  as  in  the  medium  case  (J,,),  and 
that  an  alternating-current  mercury-vapor  lamp  with  pulsations 
as  large  as  the  greatest  here  used,  would  by  no  means  be 
practicable. 

The  investigation  recorded  above,  therefore,  show  the  follow- 
ing: The  light  intensity  of  an  alternating  current  mercury- 
vapor  lamp  is  the  same  as  that  of  a  direct  current  lamp  at  the 
same  average  current  intensity  at  the  cathode,  provided  the  tzuo 
lamps  have  equal  tube  dimensions,  equal  current  densities  at 
the  anode  and  the  same  heat  radiating  conditions.  The  results 
recorded  in  the  previous  paragraph  are  therefore  true  also  for 
the  alternating  current  lamps. 

DISCUSSION. 

Mr.  Basset t  Jones,  Jr.  (Communicated)  : — One  point  in  con- 
nection with  Dr.  Pole's  paper  needs  particular  emphasis ;  the  flux 
from  a  light  source  of  any  form  and  shape  whatsoever  is  abso- 
lutely independent  of  the  form  and  shape  of  the  surface  enclosing 
the  source  and  over  which  the  flux  is  measured  either  by  calcula- 
tion or  by  measurement. 

^'hether  ''the  proposition  of  computing  the  total  luminous 
flux  of  a  light-line  is  an  indefinite  problem,"  or  not,  is 
still  an  open  question.  It  may  be  indefinite  and,  in  fact, 
must  be  indefinite,  if  absolute  generality  is  given  to  the  equations. 
Dr.  Pole  attempts  to  deduce  an  expression  for  total  luminous 
flux  over  a  surface  having  the  general  equation  F(.r,  y,  3)  =  O. 
The  result  itself  must  of,  course,  be  quite  as  general  and  just  as 
indeterminate  as  the  premises.  According  to  Dr.  Pole's  method 
he  is  perfectly  justified  in  drawing  the  conclusion  that  the  total 
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luminous  flux  computed  over  an  infinite  cylindrical  or  a  spheri- 
cal surface  is  the  only  flux  independent  of  the  surface  chosen  in 
the  family  of  surfaces.  But  it  should  be  remembered  that  this 
is  the  only  constant  ilux  obtainable  by  computation  using  this 
method.     The  variable  is  in  the  equation  and  not  in  the  flux. 

Any  other  conclusion  would  of  course  be  a  direct  refutation 
of  the  law  of  conservation  of  energy — a  law  with  which  few 
physicists  care  to  meddle. 

S.  II'.  J  she  (Communicated): — This  excellent  paper  by  Dr. 
Pole  will  indicate  how  difficult  it  has  been  in  the  past  to  obtain  a 
coirect  numerical  value  for  the  luminous  efficiency  of  the  mercury 
vapor  tube.  Methods  used  in  the  past  have  depended  largely 
upon  the  process  of  elimination.  For  instance,  according  to  Dr. 
Ives,  it  is  necessary  to  photometer  a  mercury  vapor  tube  at 
a  distance  equal  to  at  least  five  times  its  length  in  order  to 
eliminate  errors  from  considering  it  as  a  point  light  source.  It  is 
also  known  from  the  measurements  of  Air.  Preston  Millar  and 
others,  that  is  the  tube  is  photometered  at  too  great  a  distance 
serious  errors  are  introduced,  due  to  the  Purkinje  effect.  The 
logical  method,  therefore,  has  been  to  measure  the  tube  at  a  dis- 
tance of  about  20  ft.  obtaining  the  mean  spherical  candle-power 
in  two  or  three  planes,  and  from  these  to  obtain  the  average  value 
of  the  mean  spherical  candle-power.  Multiplying  these  values 
by  4tt  gives  the  total  lumens. 

According  to  my  interpretation  of  equation  No.  23  of  Dr. 
Pole's  paper,  this  quantity  or  total  lumens,  obtained  in  the  manner 
previously  indicated,  is  a  variable  quantity;  for  the  nearer  one 
gets  to  the  tube  the  greater  the  total  lumens  become.  I  can 
hardly  conceive  of  such  a  condition.  One  would  assume  on  the 
contrary,  if  the  tube  be  considered  as  a  point  light  source  in  making 
calculations,  that  the  nearer  one  comes  to  the  tube  the  smaller 
will  the  measured  values  become.  Such  measurements  which 
I  have  made  with  the  luminometer  check  this  statement,  although 
the  variations  from  the  theoretical  curve  are  not  so  great  as  one 
would  be  led  to  expect,  except  where  one  is  quite  near  the  tube. 

I  may  be  wrong  in  interpreting  Dr.  Pole's  findings,  although  1 
feel  that  the  mathematical  computations  are  undoubtedly  exac.. 
The  trouble  must  lie  therefore  in  the  form  of  unit  which  Dr.  Pole 
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describes  on  the  first  page  of  his  paper  represented  by  the  quan- 
tity of  "J.  or  the  candles  per  centimeter  normal  to  the  axes. 
While  the  selection  of  an  arbitrary  unit  is  justifiable  in  some  re- 
Spects,  the  equations  which  Dr.  Pole  has  arrived  at  seem  to  in- 
dicate  that   the   mathematical   computations   are   not   conclusive. 

Furthermore  Dr.  Pole  describes  a  method  for  photometering  the 
tube,  in  which  is  used  primary  mercury  vapor  standard  that  has 
been  aged.  I  would  like  to  obtain  further  detail  as  to  the  amount 
of  variation  in  candle-power  which  occurred  during  this  aging 
process.  In  tests  which  I  have  made  quite  a  marked  falling  off 
in  candle-power  in  the  first  hundred  hours  is  noted  in  the  mer- 
cury vapor  tube,  and  the  process  of  falling  off  is  continuous,  so 
that  I  should  hardly  care  to  employ  one  as  a  standard  for  com- 
parison. It  would  seem  that  a  much  better  method,  particularly 
with  the  direct  current  tube,  would  be  to  use  a  flicker  photometer 
and  check  it  against  a  standard  incandescent  lamp.  It  is  a  very 
easy  matter  to  secure  a  standard  incandescent  lamp  for  such 
purposes,  and  a  Rood  type  flicker  photometer  can  be  built  for 
about  $25.00,  which  will  practically  eliminate  color  differences, 
and  will  be  found  to  be  quick  and  give  accurate  results.  I  feel 
that  this  method  is  preferable  to  that  of  using  as  a  secondary 
standard  the  mercury  vapor  tube. 

Dr.  K.  Norden  (Communicated)  : — I  have  studied  the  photom- 
etry of  light-lines,  and  some  of  the  results  of  my  investigations 
have  been  published  in  the  Elektrotechnische  Zeirschrift  in  1907 
CXo.  31)  and  1908  (No.  37)  under  the  title  "Beleuchtungsbere- 
chnungen  fuer  Quecksilberdampf-Lampen."  I  have  found  it 
convenient  to  introduce  trigonometric  terms.  The  for- 
mulae which  I  arrived  at  are  easier  on  the  eye  and  may  be  applied 
readily.  Dr  Pole's  general  equation  (No.  13)  for  the  il- 
lumination E,  is  given  by  formula  Xo.  3  of  my  paper  as  "follows: 

E  -  cos  2/3  [(sin  2a  -f  sin  2a2)  -j-  (2a    -j-  2a.,)l 

and  in  the  special  case  of  17  it  becomes 

(3*)      H0        —  (sin  2«0  -f  2aJ, 

where  2a„  is  the  angle,  under  which  the  light-line  is  seen  from 
'   P. 
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From  3/7  is  easily  derived  the  true  light  intensity  J.  L.  of  the 
lamp,  that  is,  the  light  intensity  for  an  infinite  distance  of  the 
photometer  screen,  where  all  rays  entering  the  photometer  can 
practically  be  considered  as  parallel.  In  the  practical  test,  the 
readings  must  be  taken  at  a  sufficient  distance,  or  must  be  reduced 
to  infinite  distance  by  means  of  the  formula. 

Below  will  be  found  an  excerpt  from  my  paper  in  which  some 
practical  tests  of  this  kind  were  given.  The  figures  show  that  a 
distance  of  about  2.5  times  the  length  of  the  lamp  was  sufficient 
for  practical  purposes  to  get  constant  readings,  but  each  value 
taken  at  any  distance  could  be  reduced  by  applying  the  formula. 

Light  intensity  =  J.L  =  - — n'4' ,  '"      , 

Sill  2a0  -f-    2a() 

derived  from  36. 

The  average  of  the  calculated  true  light  intensities  (II)  is  715; 
the  maximum  difference  is  only  2.5  per  cent.,  while  the  measured 
intensities  differ  up  to  34  per  cent.  It  seems  to  me  that  the 
photometry  of  light-lines  is  fully  given  therein. 

1  11 

Distance  from        Apparent  light  intensity         True  light  intensity 
lamp  to  measured  by  applying  calculated  from  the 

No.  of  test  photometer         the  law  of  inverse  squares  values  of  series  I 

i 2.85  m.  714.8  HK  733. oHK 

4 1.79  m.  664.4  HK  707.0  HK 

6 1.05  m.  608.1  HK  716.6  HK 

8 0.60  m.  471.6  HK  704.4  HK 

A.  S.  McAllister  (Communicated)  : — The  author  has  treated  the 
mercury  vapor  lamp  as  a  mathematical  "straight-line"  source  of 
light.  A  mathematical  line  can  be  considered  either  as  made  up  of 
an  infinite  number  of  points  or  as  a  cylinder  of  zero  diameter,  or 
as  a  plane  surface  of  zero  width.  In  assuming  that  the  so-called 
"cosine  law"  is  applicable  to  his  problem,  the  author  tacitly 
adopts  as  a  mathematical  line  a  cylindrical  surface  of  infin- 
itesimal diameter.  The  fact  of  the  matter  is  that  vapor-tube 
lamps  are  neither  point  nor  surface  sources  but  are  volume 
sources  of  l'ght,  and  can  more  properly  be  considered  as  point- 
line"  sources  than  as  "surface-line"  sources.  By  reason  of  the 
mechanical  arrangement  of  the  vapor-tube  lamp,  when  it  is 
treated  as  a  "point-line"  source  correction  must  be  made  for  the 
light  intercepted  by  the  terminals  and  absorbed  or  redirected  by 
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the  glass  envelope  and  to  some  extent  by  the  vapor  itself.  The 
error  involved  in  treating  the  lamps  as  a  "surface-line"  source 
are  such  as  to  tend  to  compensate  for  the  presence  of  the  ter- 
minals and  the  glass  envelope,  and  hence  this  treatment  may  be 
approximately  in  accord  with  the  relations  observed  photometri- 
cally. Even  its  very  close  agreement  with  the  photometric  ob- 
servations would  not  show,  however,  that  the  source  is  a  "sur- 
face-line" rather  than  a  "point-line"  source. 

The  first  half  (26  pages)  of  the  paper  are  taken  up  by  a 
demonstration  of  the  relation  existing  between  the  author's  so- 
called  "radial  candle-power"  and  the  total  flux  emitted  by  a 
linear  source  having  an  output  of  a  certain  number  of  such 
candles  per  unit  length.  The  author's  demonstrations  are  un- 
necessarily complicated,  as  will  be  appreciated  from  the  simple 
demonstrations  given  below. 

Referring  to  Fig.  1  and  treating  the  source  as  a  "surface- 
line,"  the  flux  on  an  elementary  concentric  ring  having  an  area 
.L-. *  <. 1 


Figs.  1  and  2.  — Illumination  produced  by  "  surface-line"  and  "point-line''  sources. 

2tt  ndx  produced  by  the  elementary  light-line  d  I  having  a  "radial 
candle-power"  per  unit  length  of  c  is 

sin"  a 


d\p  =  2ir7ldx(cdl) 


(1) 


From    trigonometric    relations 


x  =  n  tan  a,  and  dx  = —  da  (2) 

cos'  a 

n 

r*  =  -V  (3) 

COS    a 

substituting  (2)  and  (3)  in  (1) 

dij/  =  2ir(cd/)sm'ada  (4) 

The  total  flux  produced  by  the  elementary  light-line  on  the 
inner  surface  of  a  cylinder  of  infinite  length  is 
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\p  =  1  2Tr(cdl)  sill  Wo.  (5) 


I-   + 


2ir(cdl) 


y2a.  —  sill  a  COS  a  (6) 


for  a  length  of  light-line  /  the  total  flux   produced  on  the  in- 
terior of  the  cylinder  of  infinite  length  is 

to=itd.  (7) 

This  value  is  identical  with  the  value  obtained  by  the  author. 
It  is  to  be  noted  that  the  value  of  4>/  is  independent  of  n\  this 
means  that  the  total  flux  is  independent  of  the  diameter  of  the 
enclosing  cylinder,  as  one  should  predict  at  once  from  the  well 
established  law  of  conservation. 

In  the  case  of  a  light-line  of  infinite  length  surrounded  by  a 
concentric  cylinder  of  finite  length,  the  solution  is  quite  similar 
to  the  above.  Referring  again  to  Fig.  I,  the  elementary  light 
flux  density  at  a  point  P  on  a  plane  parallel  to  the  light  line, 
and  perpendicular  to  the  light  rays  at  this  point,  produced  by 
the  elementary  length  dl  of  the  light  line,  is 

._        cdt  .   „  .  , 

dp  =  —sin2  a  (S) 

l  =  n  tan  a  (9) 

dl  = 5—  da.  ( 10) 

COS"  a 


2  -      n 

COS2  a 

Hence 


(11) 


d/3  =  --  sin2  a.  (12) 

n 

The  total  light  flux  density  at  point  P  produced  by  a  light-line 
of  infinite  length  is 
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'-T 


(a  .  \  ir       C 

I  • —  Sltl  a  COS  a  I   =   - 

\   2  /  2      n 


On  a  concentric  ring  surrounding  the  light-line  at  P,  and  hav- 
ing a  radius  n  and  a  length  /  the  total  flux  would  be 

,x\,t  =  2irn/(3  =  tty/.  (13) 

It  will  be  observed  from  equations  (13)  and  (7)  that  the  value 
for  the  flux  per  unit  length  of  cylinder  enclosing  an  infinite 
light-line  is  identical  with  the  value  for  the  flux  per  unit  length 
of  light-line  within  a  cylinder  of  infinite  length,  the  value  in 
each  case  being  independent  of  the  diameter  of  the  cylinder. 
It  can  easily  be  shown  that  the  same  value  is  obtained  when  the 
litdit-line  is  placed  within  a  spherical  enclosure  or  an  enclosure 
of  any  shape  or  size  whatsoever,  the  relation  being  as  funda- 
mental as  is  the  law  of  conservation. 

If  the  line  source  produced  c  "mean  spherical  candle-power" 
rather  than  c  "radial  candle"  per  unit  length.the  total  flux  for  the 
length  /  would  be  4-n-cl  instead  of  ircl.  Hence  the  "spherical 
reduction"  factor  for  the  "radial  candle-power"  of  a  "surface- 
line"  source  is 

7T"    -7-    47T    =    O.7S54. 

The  above  relations  apply  specifically  to  "surface-line"  sources. 
Referring  to  Fig.  2,  the  following  relations  apply  to  "point-line" 
rces. 

At  any  point  P  at  a  radial  distance  of  n  from  the  line-source 
the  elementary  light  flux  density  a'^„  produced  by  the  elementary 
line-source  length  dl  on  a  plane  parallel  to  the  light-line  at  a  dis- 
tance of  r  from  the  point  P  is 

dfi  =  —j  cos  a  (14) 

/  =  n  tan  a  (15) 

7/  da 

dl        n         .,  (16) 

COS"  a 

>>--^~  (.7) 

COS    a  K     '  J 
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dB  =  COS  a  da. 

n 
For  a  length  of  line  /  the  flux  density  at  point  P  is 

B  =  —  sin  a.  (18) 

n         — 

For  a  light-line  of  infinite  length  to  the  right  and  to  the  left 
the  flux  density  at  point  P  would  be 

&  =  £••  (19) 

n 

From  equation  (18)  it  will  be  noted  that  the  light  flux  den- 
sity at  any  point  on  any  plane  parallel  to  the  "point-line"  source 
produced  by  a  finite  length  of  such  source,  measured  from  the 
position  on  the  line  perpendicular  to  the  point  under  considera- 
tion, varies  directly  with  the  sine  of  the  angle  subtended  by  the 
source  when  viewed  from  this  point,  the  proportionality  constant 
being  the  quantity  c  —  11.  This  simple  relation  allows  one  to 
determine  the  light  flux  density  produced  by  a  "point-line" 
source  by  means  of  a  graphical  diagram  involving  merely  arcs 
of  circles  and  straight  lines,  which  anyone  familiar  with  such 
diagrams  can  easily  construct  by  use  of  equation  (18).  By  this 
means  one  can  readily  "explore  the  whole  region"  surrounding  a 
"point-line"  source  of  finite  length. 

Evan  I.  Edwards  (Communicated)  : — It  has  not  always  been 
clearly  understood  what  was  meant  when  the  specific  consump- 
tion of  mercury  vapor  lamps  was  given  as  a  certain  wattage  per 
candle-power.  Since  it  has  been  demonstrated  by  experiment 
that  the  cosine  law  very  nearly  holds  for  the  mercury  vapor  tube 
it  seems  that  the  theoretical  value  of  ir  JL  for  the  total  flux  as 
given  by  Dr.  Pole  is  very  close  to  the  actual  value.     This  makes 

77- 
the  ratio  of  radial  candle-power  to  mean  spherical  —  which  is 

4 

approximately  true  of  most  types  of  incandescent  lamps,  and 
very  approximately  true  of  the  metal  filament  lamps.  The 
specific  consumption  of  mercury  vapor  lamps,  therefore,  should 
be  expressed  in  terms  of  watts  per  radial  candle-power  for  di- 
rect  comparison   with  the  specific   consumption  of   incandescent 
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lamps  in  watts  per  mean  horizontal  candle-power.     The  power 
should,  of  course,  include  the   loss  in  the  ballast  resistance. 

It  may  be  interesting  to  know  that  the  mercury  vapor  lamp 
has  a  well  defined  maximum  efficiency  point  and  that  the  diam- 
eter of  the  tube  has  a  part  in  determining  the  actual  efficiency. 

Dr. Pole  (Communicated  in  reply)  : — The  object  of  the  partof  my 
paper  on  the  computation  of  the  luminous  flux,  which  was  to 
show  that  the  method  of  calculating  the  luminous  flux  by  assum- 
ing a  surface  enclosing  the  source  of  light  and  integrating  the 
products  of  the  area  of  each  element  of  this  surface  and  its  il- 
lumination, may  sometimes  involve  difficulties.  The  equations 
in  my  paper  prove,  indeed,  that  the  luminous  flux  computed  in 
that  way  may  differ  from  the  real  flux  of  light,  i.e.,  the  energy 
radiated  into  space  in  form  of  light  which  is  constant  for  the 
respective  source  of  light.  I  still  maintain  this  conclusion,  and 
cannot  admit  that,  inasmuch  as  the  enclosing  surface  is  in  my 
paper  presumed  as  arbitrarily  defined,  "the  result  itself  must  of 
course  be  quite  as  general  and  just  as  indeterminate  as  the  prem- 
ises." For.  an  enclosing  surface  arbitrarily  defined  will,  with 
punctiform  sources  of  light,  always  give  a  constant  flux  of  light, 
i.e.,  4.7T  X  candle-power;  and  this  computed  flux  will  be  equal  to 
the  flux  found  either  with  an  integrating  photometer  or  figured 
from  curves  of  light  distribution,  if  observation  errors  are  not 
lered.  This  is  the  difference  between  punctiform  and  ex- 
tended sources  of  light.  Furthermore,  the  conclusion  in  my 
paper,  properly  interpreted,  need  not  conflict  with  the  law  con- 
servation of  energy. 

I  cannot  see  in  the  criticism  of  Mr.  Ashe's  any  real  points 
why  the  unit  "J"  should  make  the  computations  not  conclusive. 

As  to  the  standard  used  in  the  investigation,  I  have  stated 
that  the  falling  off  of  its  candle-power  was  1.5  per  cent,  during 
300  hours  of  its  use.  The  application  of  the  flicker  photometer 
would  have  been  entirely  out  of  place,  as  it  is  properly  used  only 
where  sources  of  light  of  different  colors  have  to  be  compared. 
The  above-mentioned  standard  was  used  especially  to  avoid  errors 
derived  from  difference  in  color. 

While  Mr.  Ashe  may  have  found  that  mercury  vapor  lamps  as 
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secondary  standards  for  purposes  like  above  researches  were  far 
more  variable  than  I  have  observed,  this  was  in  all  probability  not 
due  to  the  lamp  but  to  a  fault  in  handling  it  or  to  its  experimental 
arrangement. 

As  to  the  decrease  of  light  intensity  during  life  of  the  mercury 
vapor  lamp  I  hope  to  be  able  in  a  short  time  to  publish  a  de- 
tailed paper  on  the  subject,  and  it  is  only  for  this  reason  that  I 
do  not  wish  to  make  a  definite  statement  in  this  connection. 
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THE  POLAR  CURVES  OF  FINITE  LINE  AND  SURFACE 
LIGHT  SOURCES.1 


BY   BASSETT   JONES,    JR. 


Some  time  ago  the  writer  had  the  occasion  to  take  up  the 
study  of  finite  surface  light  sources,  and  this  study  has  now  ex- 
tended over  a  period  of  about  two  years.  The  work  was  begun 
by  a  series  of  experiments  with  sources  consisting  of  plane 
areas  of  commercial  glass  arranged  so  as  to  emit  a  fairly  uni- 
form specific  flux.  A  large  number  of  polar  curves  were  ob- 
tained, so  that  a  fairly  accurate  idea  could  be  formed  of  the 
results  that  might  be  expected  when  any  particular  type  of 
glassware  was  used  in  the  construction  of  such  sources  for  prac- 
tical use. 

In  order,  however,  to  determine  the  actual  specific  flux  re- 
quired in  any  particular  case  to  produce  certain  predetermined 
values  of  flux  density  on  the  areas  or  objects  to  be  lighted,  it 
was  necessary  to  carry  out  a  more  or  less  detailed  mathematical 
investigation  of  the  light  field  produced  by  finite  surface  sources. 
The  results  of  this  investigation  in  the  form  of  formulae  for 
calculating  the  flux  density  in  various  directions  at  given  points 
in  the  field  have  already  been  presented  to  the  Society  and 
published  in  the  Transactions,  for  April,  1909,  and  April,  1910. 
These  formulae,  which  unfortunately  are  not  in  general  simple, 
were  based  upon  the  assumptions  that  the  inverse  square  law 
and  the  cosine,  or  Lambert's  law,  could  be  applied  to  infinitesi- 
mal source  areas  without  sensible  error. 

It  was  then  shown  both  by  experiment  and  by  calculation 
that  these  two  laws  could  be  applied  with  a  fair  degree  of  ac- 
curacy to  larger  areas  subject  to  certain  conditions  as  to  relative 
distance  from  the  source. 

In  the  course  of  the  experimental  work  it  was  found  that 
certain  forms  of  glass  showed  a  polar  distribution  of  flux  density 
that  closely  followed  the  inverse  square  law  and  cosine  law 
when  the  source  area  was  large  enough  to  be  practically  useful 
and  when  the  radius  of  the  reading  hemisphere  was  very  little 

1  A  paper  presented  at  a  meeting  of  the  New  York  Section  of  the  Illuminating  Engi- 
neering Society.  April  13,  1911. 
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oreater  than  half  the  source  dimensions.     It  then  seemed  to  be  of 

o 

interest  to  obtain,  if  possible,  by  calculation  expressions  for 
the  polar  component  of  the  total  flux  so  that  theoretically  cor- 
rect polar  curves  could  be  plotted  for  comparison  with  the  ex- 
perimental curves.  It  would  thus  be  possible  to  determine  how 
nearly  the  experimental  surfaces  exhibited  theoretically  perfect 
diffusion. 

It  is  the  purpose  of  this  paper  to  present  such  a  formula  for 

w m  s|» /Tj    *\ 


— y^-f-  —ff 

I 


Fig.  1. — Photometric  relations. 

the  polar  component  of  flux  due  to  finite  surface  sources,  and, 
since  in  the  course  of  this  work  the  formula  for  polar  com- 
ponent of  the  flux  due  to  a  line  source  will  appear,  to  draw 
attention  to  it  and  to  indicate  its  possible  usefulness. 

Let  Fig.  1  represent  a  rectangular  plane  surface  source  of 
dimensions  2m  and  2n,  and  let  it  be  required  to  find  the  com- 
ponent of  the  total  flux  along  any  radius  drawn  from  the  geo- 
metrical center  of  the  source  O,  subject  to  the  condition  that 
the  radius  turns  about  O  only  in  a  plane  perpendicular  to  the 
source  and  cutting-  the  source  along-  the  tn  axis.    Let  the  length 
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measured  along  the  radius  from  O  to  the  point  P  at  which 
the  illumination  is  required  be  R.  Let  the  perpendicular  dis- 
tance, PA,  from  P  to  the  plane  of  the  source  be  h,  and  let 
DA  =  a.  Let  x  and  y  be  the  orthogonal  cartesian  coordinates 
of  the  center  of  an  elementary  portion  of  the  source,  d.vdy,  with 
relation  to  O  as  origin.  Draw  the  line  PS  from  the  center  of 
this  element  to  P  and  let  its  length  be  v.  Let  the  angle  between 
v  and  the  normal  to  the  surface  be  a.  Then  the  angle  SPA  is 
also  equal  to  a.     Let  the  angle  OPS  be  equal  to  B. 

If  i  is  the  specific  intensity  of  the  source,   as  the  component 
of  the  specific  intensity  due  to  dxdy  along  v,  there  is  obtained, 

t'a  =  i  cos  a  dxdy. 
The  illumination  at  P  along  v,  due  to  this  element  is  then 

i  COS  a     ,      , 

tv  =  7, —  dxdy, 

v 

and  the  component  of  the  illumination  at  P  along  OP  is, 

i  cos  a   COS  B    ,     ,  .    . 

*r  = 2  dxdy.  ( 1 ) 

V 

v  h  r    \ 

>«OW  COS  a  =  (2) 

V 

and  cosB= =  -        = —  .     (3) 

2Z'R  22'R 

But                   01  =  d'2  -f  A2 
and                    d2  =  (a  —  x)2  +  _y*. 
Whence            z/'  =  (a  —  .r)2  4-  >2  +  h2 
=  R2  —  2ax  -\-  x*  -\-  y* 
and                    v  =   <{  R-'  —  2«.v  +  x2  +  y2  \1A. 
Substituting  these  values  in  (2)  and  (3) 
h 

COS  a  ---    (R2  _  2ax  +  ^  +y)/2 

J  r>  RJ   a-V 

^  C°S/?     =  R(R2-2*.v-*2-r)^  * 

Whence, 

ih  R2  —  ax  ,     .  ,  . 

*  Note:— r,  should  be  drawn  between  S  and  O  in  Fig.  i ;  not  between  S  and  A. 
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The  total  illumination  along  R  at  P  is,  then 


n  f*-\-  m 


(R'-L'+^  +  y1)'^  (5) 


O  *) —  »l 


2U1  \  (x  —  a)  (R2  —  ax) 


I 


r  \  \-2(/i2  +  y>  (R2  +y  —  2<zx+x2) 

R2  —  a1  _j     (*  - 

2(A2+/T"-tan    (F  +  y) 


+  2f *•  +  vri°- tan    (A«  +  v*)v>\-„ry 


ih  I  (x  —  a)  (R2  —  a.r) 


UA" 


R   \  lV?  +  /)  (R2  —  2«.v  +  x2  +  f) 

&  ,     (-v  —  a)    l+tKJ       A 

+  (^Ty^tan"  (F+yFJ-^  (6) 

Putting  the  limits  in  the  term  under  the  integral  sign  there  is 
obtained  the  following  expression. 

(m — a)  (R2 — am)  h2  __1     (m — a) 


K  -  -    ,Li  ,  .is*,.  tan 


C^+y)(R"— 2am+tn*+y)    '     (A* +/)''*  {h2+y2)l/* 

(m+a)  (R'+aw)  ,  &  _i     jm  +  a) 

(A2+/)(R2+2a^+^+y)     (A2+y)3/2       (A'+y)8 

each  term  of  which  must  be  integrated  separately.     Evaluating 
these  integrals,  there  is  obtained 

_  ih  \        y  _!      m — a  y  _x    (m-\-a) 

R  =  RiWTTW2  tan  (F+yF2    (A2+y;K  tan   "(A*+yj* 

JTT5  tan-1 


*  tan-    ,  Li  ,,*,  .„,  J.        (8) 


^  A2+0+«)2  ^  <|  A2+0+a)2  [> 

and,  finally, 
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ih  T         n  _j     (m — a)  n  _,     (m-\-a) 

lRr=  R~L(A2+»*)K  tan      (/*"+»") ^       (A2+w2)^tan      UH^)^ 


tan-1 


^2+(/«-fl)2p  <j  /i2^(m-ay  } 


'2 


tan-1 


w+a)M*J*         (9) 


{  A'+O+a)2  \V*  {  k3+(m+ay  } 

If,  in  (9)  there  be  put  a  =  o,  then  R  =  A,  and  the  expression 
for  Ir  reduces  to 

.  T         n  ,         m 

Ia  =  22    — tt- — ^-^  tan      — ^— — ^—^ 

ra                    1           «  1     , 

— 7*-, — ts  tan-    -pr- ^—r,       (10) 

which  is  the  same  as  that  given  on  p.  294  of  the  Transactions 
for  April  1910  for  the  illumination  normal  to  a  rectangular 
source  at  a  distance  h  below  its  geometrical  center. 

Now,  return  to  (6).  If  in  this  expression  there  be  put  y  =  o, 
there  will  be  obtained  the  value  of  the  illumination  along  R  at 
P  due  to  a  line  source  of  length  2m,  when  R  lies  in  a  plane 
through  the  source. 

It  is, 

i     f         m(R— a)"  m(R+ay 


Ir 


[n 


2R/1  L  {  k2+(m—a)2  [>      '      {  tf-{-{m+ay  \ 

If  in  (11)  a  =  o  then,  since  R  =  h, 

.  I         m                  1  .  m  1  . 

!*  =  M  yr^t k  i 7-  tan-1  —  (12) 

which  is  the  expression  for  the  illumination  at  distant  h  from 
the  source  on  a  line  perpendicular  to  the  source  at  its  middle 
point,  as  may  be  readily  proved  by  a  simple  calculation. 

By  means  of  (9)  there  may  be  calculated  the  values  of  il- 
lumination which  will  enable  us  to  plot  the  polar  curve  in  a 
plane  perpendicular  to  either  axis  of  a  rectangular  source  for  all 
values  of  R,  m,  and  n. 

By  means  of  (11)  there  may  similarly  be  plotted  polar  curves 
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for  a  line  source,  such  as  is  approximated  by  a  straight  filament. 
The  formula  may  also  be  used  with  reasonable  accuracy  for 
cylindrical  sources,  such  as  the  mercury-vapor  lamp  when  R  is 
relatively  great  compared  with  the  diameter  of  the  cylinder  and 
from  such  a  curve  the  total  fiux  emitted  by  the  source  may  be 
computed.  The  expression  for  a  retangular  source  (9)  may  be 
used  when  the  diameter  of  such  a  cylindrical  source  is  relatively 
large,  or  when  the  ratio  of  R  to  the  diameter  is  not  great.  In 
such  a  case  the  source  is  considered  as  a  narrow  radiating  strip, 
and  the  polar  surface  is  obtained  by  revolving  the  polar  curve 
about  the  source  axis. 

It  is  of  interest  to  note  the  geometrical  values  of  the  several 
factors  in  (9).     These  are  shown  in  Fig.  2. 

In  Fig.  3  are  shown  three  polar  curves  for  a  square  source 
where  in  =  n  =  1,  i=  10.  In  curve  1,  R  =  0.5,  in  curve  2 
R  =  1  and  in  curve  3,  R  =  2.  In  curve  1,  where  R  is  less  than 
m,  as  P  approaches  the  plane  of  the  source  an  imaginary  screen 
at  P  perpendicular  to  R  will  be  illuminated  by  less  and  less  of 
the  source,  and  hence,  for  large  angles  of  obliquity  the  value  of 
Ir  will  rapidly  decrease.  In  curve  2,  where  R  =  w,  as  P  ap- 
proaches the  plane  of  the  source  it  is  seen  that  the  illumination 
steadily  decreases  until  an  obliquity  of  nearly  900  is  reached 
when  it  falls  abruptly  to  zero.  In  the  case  of  a  circular  source 
this  curve  would  be  a  semicircle  of  constant  intensity  iri  -f-  2  — 
one  of  Dr.  McAllister's  "Equilux  Spheres."  In  curve  3  where  R  is 
2m,  that  is,  where  R  is  equal  to  the  source  dimension,  the  polar 
curve  quite  closely  approximates  a  circle  tangent  to  the  source  at 
its  center.  In  the  case  of  a  circular  source  this  approximation 
would  be  still  closer,  but  as  no  exact  expression  for  IR  is  at- 
tainable for  a  circular  source  it  is  impossible  to  show  that  the 
polar  curve  of  a  flat  circular  source  when  R  is  greater  than 
the  radius  of  the  source  is  or  is  not  a  true  circle  tangent  to  the 
source  at  its  center.  Of  course  an  expression  in  the  form  of  an 
infinite  series  may  be  found  for  the  radial  flux  component  due 
to  a  flat  circular  source  by  the  method  of  harmonic  analysis, 
but  this  expression  is  unwieldy  and  computation  by  means  of 
it  is  generally  exceedingly  tedious.  Whatever  deviation  there 
is,  however,  is  probably  negligible  in  practical  application  to 
actual  sources. 


JONES:      FINITE   LINE  AND  SURFACE  UGHT   SOURCES  371 


(an 

it  -■ 


^"{//•/^/^"/^ 


(A'+a*J& 


Fig.?. — ?h  tim-t  i  •  relations. 


Fig.  3.— Square  source,     m  -  n  —  1;   i=  10.* 
1  he  values  of  the  ratio  —  in  Fig.  3,  upper  and  lower  curves,  should  be  transposed. 
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It  is  interesting  to  compare  with  curve  3  in  Fig.  3,  the  curves 
in  Fig.  4,  which  are  plotted   from  actual  photometer  readings 


l/A/?/AT/ON  SYFOrAr/OM  Of 
COLA*  PLANE -PL  (STEP  GLASS 


MP/Ar/0/V  Sr  O/ML/ZL/VS 


fLvr/ssGS 

/fOJP/ZOA/rAL 


M/?,'Ar/os/  sy  cs/AMcrEA'  of 


A/Arrsf  /Z4A>£o<vJ 


*##*/VGFM£Arr  a 


Fig.  4.— Variables  due  to  character  of  source;   in  all  cases,  m  =  n  =  i.o  ft.,  R  =  5.75  ft. 

of  various  sources  of  the  same  dimensions  as  the  assumed 
source  used  in  plotting  the  curves  in  Fig.  3.  These  curves  also 
illustrate  the  general  effect  of  certain  variables  entering-  into  the 
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construction  of  such  sources.     In  all  cases  in  Fig.  4  R  is  greater 
than  2)ii. 

In  Fig.  5  are  shown  two  curves  calculated  by  means  of  (11) 
for  a  theoretical  line  source  where  in  =  1,  i  =  10.  In  curve  1 
R  =  0.5  and  the  polar  curve  is  composed  of  two  parts  a,  and  b, 
the  first  asymptotic  to  the  ?xis  of  the  source,  the  second  being 
the  return  bend  of  the  curve  along  the  axis  when  the  obliquity 
of  R  is  900.     The  form  of  this  curve  is  due  to  the  theoretical 


90° 

/P.  2 

\f^- 

rff" 

\s° 

0° 

Fig.  5. — Line  source,  m  =  i;  i  =  10. 

consideration  that  in  this  case  the  intensity  of  the  flux  measured 
at  P  approaches  infinity  as  P  approaches  the  source  axis.  It 
is  also  to  be  noted  that  the  calculation  is  based  on  the  assumption 
that  the  source  is  of  the  nature  of  a  geometrical  line — the  ele- 
ment of  a  plane  source — and  not  the  element  of  a  cylindrical 
source.  The  ends  of  the  source  therefore  emit  no  light.  In 
curve  2,  R  =  2  and  it  is  seen  that  the  polar  curve  rapidly 
approaches  a  circle  as  the  length  of  R  becomes  greater  than  m. 

DISCUSSION. 

Evan  J.  Edwards  (Communicated)  : — Since  so  many  light 
sources  are  circular  or  of  other  than  rectangular  shape  in  projec- 
tion, it  is  unfortunate  that  a  simple  solution  cannot  be  obtained 
for  a  more  general  case  than  that  for  which  the  equation  as 
presented  by  Mr.  Jones  will  apply.  This  problem  serves  as 
a  notable  example  of  the  difficulties  which  may  sometimes  be  en- 
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countered  in  computing  a  quantity  which  depends  for  its  value 
on  only  very  simple  laws.  The  equation  as  given  by  Mr.  Jones 
is  limited  to  the  very  particular  case  of  a  rectangular  surface, 
to  a  line  of  direction  always  including  the  geometrical  center  of 
the  source,  and.  moreover,  to  points  lying  in  but  two  planes 
perpendicular  to  the  source. 

Although  light  giving  sources  are  rarely  rectangular  in  shap«.j 
and  uniform  brightness,  much  information  which  is  of  practical 
value  is  given  by  such  an  analysis.  For  example,  it  may  be  seen 
that  the  error  in  computation  due  to  assuming  a  point  source 
becomes  of  the  order  of  magnitude  of  i  per  cent.,  at  a  distance 
away  of  five  times  the  source  dimension. 

An  idea  of  the  difference  between  the  distribution  of  a  circular 
source  and  a  square  source  is  obtained  from  the  fact  that  the 
figure  for  the  total  flux  as  obtained  from  the  distribution  curve 
taken  at  a  distance  away  which  includes  all  of  the  source,  is 
about  85  units,  as  compared  with  126  units  which  are  actually 
radiated.  The  discrepancy  is.  of  course,  due  to  the  polar  value 
as  given  on  the  curve,  being  the  minimum  rather  than  the  aver- 
age value  of  illumination  about  a  zone. 

Some  very  interesting  deductions  are  obtained  by  substituting 
various  limits  in  the  equation  as  given  by  Mr.  Jones.  Making 
the  limits  of  the  source  dimension  infinite,  there  is  obtained,  using 
the  notation  of  Mr.  Jones'  paper : 

I  =  wi. 

that  is,  the  illumination  at  any  point  along  a  line  perpendicular  to 
an  infinite  plane  is  a  constant  and  equal  to  it  times  the  brightness 
of  the  source.  This  result  is  approximated  in  a  iarge  room  il- 
luminated indirectly  by  the  ceiling.  It  is  even  more  closely 
approximated  in  the  case  of  outdoor  horizontal  illumination  from 
an  overcast   sky. 

Placing  for  one  source  dimension  the.  limit  zero  and  for  the 
other  infinity'  there  is  obtained : 

■-■£■ 

which  shows  that  for  a  very  long  line  source  the  illumination  is 
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inversely  as  the  distance  away.  There  are,  therefore,  three  ex- 
treme cases  as  regards  source  dimension,  which  obey  very  simple 
laws ;  the  point  source  for  which  the  illumination  is  inversely 
as  the  distance  to  the  second  power ;  the  long  line  source  for 
which  the  illumination  is  inversely  as  the  distance  to  the  power, 
and  the  very  large  source  area  for  which  the  illumination  is  pro- 
portional to  the  distance  to  the  zero  power,  that  is,  independent 
of  the  distance.  All  limiting  cases  admit  of  very  easy  solution 
while  those  which  lie  between  are  in  the  most  part  very  difficult. 

In  the  comparison  of  the  experimental  curves  with  those  ob- 
tained by  computation,  it  may  be  of  interest  to  know  more  about 
conditions  under  which  the  photometer  curves  were  obtained. 

The  geometrical  significance  of  the  various  terms  of  an  equa- 
tion is  well  illustrated  by  the  diagram  of  Fig.  2,  of  Mr.  Jones' 
paper,  and  is  very  interesting. 

Mr.  Bassctt  Jones,  Jr.  (Communicated  in  reply)  : — Equations  for 
"general  cases"  are  usually  quite  as  "general"  and  impractical  as 
the  general  cases  themselves.  Unfortunately  and  contrary  to 
Mr.  Edward's  experience  I  have  been  compelled  to  work  rather 
generally  with  rectangular  surfaces.  I  have  therefore  been  obliged 
to  find  a  formula  for  the  flux  density,  in  the  form  given,  for  com- 
parison with  polar  curves  taken  only  in  the  two  planes  mentioned 
a-  being  the  only  results  of  immediate  practical  importance  so 
far  as  I  am  concerned. 

The  experimental  sources  used  are  practically  uniform  in 
brightness — at  least  so  uniform  that  the  eye  can  detect  no  varia- 
tions. This  uniformity  was  the  result  of  a  large  amount  of 
experimental  work  undertaken  with  just  this  result  in  view. 

An  account  of  the  methods  of  constructing  such  sources,  to- 
gether with  an  account  of  the  method  of  photometering  such  sur- 
faces, must  be  left  for  some  future  opportunity.  The  results 
practically  applied  were  described  in  my  recent  paper  "The 
Lighting  of  the  Allegheny   County   Soldiers'   Memorial."1 

T  have  been  informed  that  it  is  easier  to  find  a  formula  for 
finite  circular  sources  than  for  finite  rectangular  sources.  This 
I  can  believe,  in  view  of  the  difficulties  and  seemingly  inexorable 

1  Transactions  Illuminating  Engineering  Society.  Jan.,  1911. 
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snarls  from  which  I  have  extricated  myself  with  the  result  shown 
in  equation  (9).  I  have  tried  circular  sources  and  got  into  all 
kinds  of  trouble  which  is,  in  mathematics,  a  fair  indication  that 
one  is  on  the  wrong  track.  However,  the  results  for  circular 
sources  in  my  previous  papers  have  been  given  in  the  hope  that 
somebody  would  undertake  to  work  out  something  better. 
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SIGN  LIGHTING.1 


BY    O.    P.    ANDERSON. 


The  growth  of  the  illuminated  sign  business  during  the  last 
few  vears  has  been  remarkable.  A  dozen  years  ago  the  il- 
luminated sign  in  most  cities  was  a  curiosity.  New  York  had 
probably  a  score  of  signs  of  this  kind ;  Chicago  had  even  less. 
To-day  the  number  of  these  signs  in  the  two  cities  runs  into  the 
thousands ;  and  many  of  them  contain  thousands  of  electric 
lamps.  Practically  all  the  spectacular  signs  which  now  il- 
luminate Broadway,  New  York,  have  been  erected  during  the  last 
five  years,  and  the  same  is  true  in  other  cities.  This  growth 
has  been  a  substantial  one,  and  the  present  indications  are  that 
the  sign  business  will  continue  to  grow  at  an  ever  increasing 
rate.  fleretofore,  central  stations  have  not  given  the  attention 
to  this  phase  of  the  lighting  business  that  it  required ;  but  now 
that  its  remarkable  possibilities  have  been  demonstrated  by  the 
rapid  growth  of  the  past  five  years  they  have  awakened  to  a  full 
realization  of  its  importance. 

The  electric  sign  has  created  a  new  type  of  advertising  essen- 
tially different  from  all  previous  forms.  It  has  filled  and  is  fill- 
ing an  economic  need.  As  the  size  of  our  cities  and  the  number 
of  merchants  have  increased,  it  has  become  necessary  for  a 
merchant  to  designate  the  location  of  his  store  in  some  way.  In 
a  few  cases  of  course  the  size  and  architecture  of  a  store  are 
sufficient  to  advertise  its  location.  For  instance,  if  a  firm  were 
to  locate  in  a  building  like  the  Flat  Iron  Building,  New  York, 
the  majority  of  the  people  would  have  no  trouble  in  finding  it 
Many  of  the  stores,  however,  are  located  in  more  or  less  incon- 
spicuous places,  and  are  liable  to  be  overlooked.  To  avoid  this 
the  merchant  employs  some  method  of  outdoor  advertising 
which  will  tell  the  people  just  where  he  is  located. 

The  modern  merchant  knows  the  value  of  signs.  The  only 
doubt  in  his  mind  is  the  relative  advertising  efficiencies  of  the 
different  types  of  signs.  He  may  elect  to  use  street  car  signs, 
glass   signs,   bill   board    signs,    etc.,   or    electric   signs;   these   all 

1  A  paper  presented  at  a  meeting  of  the  New  York  section  of  the  Illuminating:  Engi. 
neering  Society.  April  13,  1911. 
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have  their  advantages  for  general  outdoor  advertising.  So 
extensive,  however,  is  the  present  use  of  electric  signs  that  a 
brief  consideration  of  the  reasons  why  they  are  effective  adver- 
tising agencies  may  be  interesting. 

In  the  first  place  the  distinctive  difference  between  illuminated 
advertising  and  all  other  forms  of  advertising  is  the  element  of 
light.  As  an  advertising  medium  light  has  always  been  success- 
ful, because  it  attracts  and  holds  attention.  One  is  instinctively 
attracted  by  almost  any  form  of  light.  The  wonderful  northern 
lights,  for  instance,  attract  thousands  of  people  every  winter 
night.  Imagine  this  light  confined  and  concentrated  into  a 
single  sign  flashing  across  our  northern  sky.  What  an  attractive 
power  it  would  have.  The  reflection  of  a  distant  fire  never 
fails  to  attract  attention.  Amusement  places  such  as  Coney 
Island  are  concrete  examples  of  the  attractive  power  of  light. 
The  boardwalks  of  our  famous  summer  resorts  are  splendidly 
illuminated  to  attract  attention.  In  fact,  people  are  attracted 
toward  light  in  a  manner  not  unlike  that  of  the  moth.  This 
has  been  observed  so  many  times  that  one  might  attempt  to 
formulate  a  law. 

Secondly,  the  electric  sign  has  a  greater  "circulation"  than 
any  other  type  of  sign,  other  things  being  equal.  A  carefully 
designed  sign  placed  before  the  people  will  be  read  by  at  least  the 
majority  of  them.  Some  of  them  may  read  it  unconsciously. 
Nevertheless  the  advertiser  produces  on  the  mind  the  impression 
that  he'  has  something  to  sell.  Furthermore,  it  is  evident  that 
the  greater  the  number  of  people  who  read  the  sign  the  greater 
will  be  its  advertising  value.  A  large  spectacular  sign  placed 
where  no  one  could  see  it  would  of  course  be  of  no  value ;  but 
the  same  sign  placed  on  or  near  a  thoroughfare  like  Broadway 
would  have  a  tremendous  advertising  value.  Broadway,  be- 
tween 14th  and  42d  Streets  has  a  circulation  estimated  at  700,000 
people  daily.  The  Brooklyn  Bridge  has  a  circulation  of  approxi- 
mately 500,000  people  daily.  Obviously  a  sign  along  a  through- 
fare  like  one  of  these  will  be  read  in  a  short  time  by  a  vast 
multitude. 

diort  time  ago  the  "Dutch  Cleanser"   sign   was  erected  in 
Omaha   and    representatives    of    the     central     station     and     the 
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advertisers  made  a  test  to  determine  the  value  of  the  sign.  They 
observed  that  practically  every  person  passing  a  point  a  block 
away  from  the  sign  looked  at  it.  That  the  sign  was  effective 
advertising   was    proved    conclusively. 

A  third  reason  is  that  the  electric  signs  help  to  illuminate 
streets.  It  was  proved  in  Denver  a  while  ago  that  the  number 
of  people  passing  -through  any  street  at  night  was  directly 
proportional  to  the  extent  of  the  general  illumination.  This 
means  that  other  things  being  equal  the  street  having  the  most 
signs  will  have  the  most  illumination  and  will  tend  at  least  to 
attract  a  greater  proportion  of  the  people.  It  has  been  observed 
also  in  several  cities  that  the  business  center  may  be  shifted  to 
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WAKE  FOR  A  CLEAN  CITY" 


Fig.  2.— Double-faced  block-letter  sign. 


another  section  of  the  city  where  there  is  more  illumination. 
In  Newark,  New  Jersey,  for  instance,  a  few  years  ago  the  street 
illumination  was  very  unsatisfactory.  The  merchants  along 
Broad  Street  decided  to  install  flaming  arc  lamps  on  that  street. 
This  was  done  with  the  result  that  a  "White  Way"  was  created 
which  attracted  the  people  to  that  street.  The  merchants  on 
Market  Street  discovered  that  their  trade  was  being  diverted  to 
Broad  Street,  and,  in  order  to  protect  their  business,  they  too  in- 
stalled flaming  arc  lamps.  To  their  satisfaction  they  observed 
that  the  business  which  had  been  diverted  from  their  street 
began  almost  immediately  to  return  to  it. 
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CLASSES    OF    SIGNS. 

Signs  may  be  grouped  into  two  broad  classes:  (1)  those- which 
burn  steadily;  (2)  those  which  burn  intermittently.  Each  of 
these  two  classes  may  be  subdivided  into  horizontal,  vertical, 
single-  or  double-faced  signs.  Or  they  may  be  classed  according 
to  location,  that  is,  roof  signs,  signs  placed  flat  against  a  building, 
or  signs  swinging  at  angles  to  the  building. 

In  the  first  class  there  are  several  types  of  signs  which  may  be 
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Fig.  3. — Roof  sign  showing  channel  type  letters. 


merit' oned.  Of  these  the  reflector  sign  is  the  simplest  type.  It  con- 
sists merely  of  a  painted  panel  with  a  hood  located  at  the  top 
which  acts  as  a  reflector  directing  the  light  upon  the  reading 
matter.  The  panel  sign  is  the  oldest  and  most  common  type. 
tt  consists  of  a  painted  panel  surrounded  by  a  border  of  lamps, 
ine  transparent  sign  is  very  simple  and  is  used  in  many  in- 
stallations.    In   a  majority  of  cases,   however,   it   is   not  to   be 
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recommended,  although  a  few  of  the  newer  signs  of  this  type  are 
very  attractive  and  efficient.  The  roof  sign  is  a  comparatively 
new  sign  and  one  that  is  rapidly  coming  into  favor.  It  has  the 
advantage  of  being  more  conspicuous  than  any  of  the  other 
signs  which  burn  steadily. 

In  the  second  class  there  are  two  types  of  signs  which  are  to- 
day used  extensively — talking  signs  and  flashing  signs.  The 
talking  sign  is  composed  of  a  number  of  monograms  and  is 
capable  of  automatically  flashing  forty  or  more  words  or  sen- 


Fig-.  4. — Talking  sign  flasher. 


fences.  Each  monogram  contains  a  number  of  metal  troughs 
with  a  lamp  in  each.  Each  monogram  is  also  connected  to  a 
commutator,  by  means  of  which  various  letters  or  figures  are 
formed.  The  number  of  monograms  necessary  is  determined  by 
the  longest  sentence  displayed.  For  a  double-faced  sign  of 
course,  twice  the  number  of  monograms  and  commutators  are 
necessary.  Where  a  talking  sign  is  used  exclusively  by  one 
firm  it  is  an  excellent  advertising  medium.  But  when  a  sign 
of  this  kind  is  used  by  several  firms  in  the  same  locality  its  value 
to  each  firm  is  very  much  decreased. 

Signs  of  the  flashing  type  are  effective  because  of  their  appar- 
ent  motion.     The   motion    element    is   what    attracts    and   holds 
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attention.  Any  object  may  remain  motionless  within  one's  field 
of  vision  and  probably  not  be  noticed;  but  let  that  object  move 
and  it  will  be  perceived  instantly.  An  eagle  perched  on  a  tree- 
top  may  remain  unnoticed;  but  if  it  soars  from  its  perch  it 
will  attract  attention  at  once.  The  same  is  true  of  Hashing  signs. 
People  gaze  in  wonder  at  the  modern  spectacular  sign  because  it 
has  motion  and  gives  the  impression  of  life.  Parenthetically,  it 
may  be  said  that  flashing  signs  are  of  greater  advertising  value 
than  those  signs  which  are  operated  steadily.  It  is  not  enough, 
however,  for  a  sign  to  produce  only  the  impression  of  motion.  It 


Fig.  5.  — Sign  flasher. 

must  have  some  features  which  make  it  distinctly  different  from 
other  signs  in  the  same  vicinity.  If  all  the  signs  except  one  in 
any  locality  were  flashing  signs  undoubtedly  the  sign  which 
burned  steadily  would  have  the  greatest  attracting  power.  As 
an  illustration  of  this  the  crowd  passing  through  any  street  may 
be  noticed.  As  long  as  a  man  moves  with  the  crowd  he  is  not 
noticed ;  but  if  he  stands  still  he  will  attract  attention.  For  that 
n  many  installations  may  be  observed  where  there  are  differ- 
ent kinds  of  flashing  signs.  Two  types  in  particular  may  be 
noticed,  one  an  ordinary  flasher  where  the  entire  sign  flashes 
"n  and  off  at  once,  the  other  where  the  reading  matter  is  dis- 
played continuously  while  the  rest  of  the  sigrn  flashes  on  and  off. 
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In  some  flashing  signs  the  motion  itself,  which  is  produced  by  the 
lights,  tells  the  story  to  be  conveyed  by  the  advertisement.  A 
bowling  game  in  which  a  ball  flashes  along  an  alley,  for  instance, 
advertises  the  bowling  alley  very  effectively.     The  flashing  effect 


Fig.  6. — Combination  flashing  and  talking  sign. 

of  a  great  many  signs  is  employed  merely  to  attract  attention  to  the 
reading  matter  of  the  sign.  The  "rat-chasing"  and  the  "sky-rocket" 
effects  are  examples  of  this  kind  of  sign.  Still  other  signs  of  this 
type  spell  out  letter  by  letter.     When  a  person  notices   a  sign 
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of  this  character  he  will  in  all  probability  watch  the  sign  until  the 
word  or  sentence  is  completed.  He  is  literally  compelled  to 
read  what  the  advertiser  has  to  say. 

There  are  many  unique  and  original  signs  in  operation.  In 
any  large  city  one  may  see  fiery  chariot  races,  automobiles  whiz- 
zing through  the  air,  or  alm6st  be  tempted  to  raise  an  umbrella 
to  ward  off  the  gently  falling  rain  seen  in  a  nearby  sign.  One 
may  watch  a  game  of  billiards,  or  a  couple  of  snakes  chase  each 
other  around  a  liquor  sign,  or  a  church  steeple  crowned  by  a 
flaming  cross.  Movements  of  every  description  are  produced  in 
almost  true  life.  There  is  no  gainsaying  the  fact  that  these 
signs  attract  people  and  compel  their  observation.  These  signs 
not  only  tell  their  stories  in  a  startling  and  convincing  manner, 
but  they  constitute  effective  advertising. 

CONSTRUCTION  OF  SIGNS. 

To  produce  the  best  results  signs  should  be  carefully  con- 
structed, as  good  material  and  workmanship  are  very  essential. 
The  sign  should  be  erected  in  such  a  way  as  to  be  safe  and  to 
appear  safe.  Nothing  hinders  the  sign  business  so  much  as  a  sign 
swinging  and  creaking  in  the  wind.  In  many  instances  the 
electric  sign  has  been  criticised  as  an  "eye-sore."  In  order  to 
offset  this  criticism  it  is  necessary  that  a  great  deal  of  care  be 
taken  in  their  design  and  whenever  possible  they  should  har- 
monize with  the  architecture  of  the  building  on  which  they  are 
erected.  It  is  obvious  that  a  sign  placed  on  a  bank  should  differ 
in  design  from  one  placed  on  a  cigar  store.  Furthermore,  it  is 
essential  that  a  sign  be  properly  maintained  after  it  has  been  in- 
stalled. It  should  be  washed  at  regular  intervals  and  the  burned- 
out  lamps  be  promptly  renewed.  The  increase  in  current  by 
virtue  of  having  all  the  lamps  burning  will  practically  pay  for  the 
expense  of  replacing  the  lamps.  Hence  this  part  of  the  main- 
tenance is  often  cared  for  by  the  central  station.  A  dilapidated 
or  dirty  sign  causes  unfavorable  criticism  from  the  public  and 
defeats  the  very  purpose  of  the  sign. 

Letters. — The  letters  used  on  signs  may  be  grouped  into  four 
classes:  (1)  flush,  (2)  raised  or  block,  (3)  sunken  or  groove, 
channel  or  wall.  When  a  sign  made  of  flush  or  block  let- 
ters is  placed  flat  against  a  building  it  can  be  read  only  within  a 
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comparatively  small  angle,  due  to  the  fact  that  the  projecting 
lamps  often  overlap  in  the  line  of  vision  and  produce  a  blurred 
effect.  For  a  sign  of  this  kind  the  sunken  or  channel  letters 
are  preferable.  They  can  be  read  through  a  wider  angle  because 
the  lamps  are  not  in  view.  The  letters  can  be  seen  not  by  the 
location  of  the  lamps  but  by  the  reflected  light  from  the  outline 
of  the  letters.     This  makes  the  letters  stand  out  sharp  and  clear. 

A  very  important  detail  in  the  construction  of  a  sign  that  is 
often  disregarded  or  improperly  considered  is  the  spacing  be- 
tween the  letters.  In  many  a  sign  the  greatest  effect  is  often 
lost  because  an  advertiser  wants  to  say  too  much  in  a  very  small 
space.  At  the  same  time  he  wants  to  keep  down  expense.  The 
result  is  that  the  letters  must  be  crowded  and  made  small.  Such 
a  sign,  of  course,  can  be  read  within  only  a  comparatively  short 
distance.  Obviously,  it  is  better  to  use  a  few  words  with  large 
letters. 

Wiring. — The  introduction  of   the  low-voltage  tungsten   sign 
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lamp  has  necessitated  slight  changes  in  the  method  of  wiring,  as 
the  carbon  sign  lamps  are  practically  all  wired  in  multiple.  It  is  not 
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possible  at  present  to  manufacture  a  5-watt,  [io-volt  tungsten 
lamp-  The  specific  resistance  of  tungsten  is  very  low  and  to 
obtain  small  wattages  on  100-  to  125-volt  circuits  the  filament 
must  be  made  very  long  and  fine  so  as  to  afford  the  requisite 
resistance.  Tungsten  lamps  of  100  to  125  volts  are  not  made 
at  present  for  less  than  25  watts.  To  obtain  the  small  candle- 
powers  required  for  signs  it  is  necessary  to  use  heavy  filaments 
of  low  voltage.  In  this  way  a  rugged  lamp  is  obtained  one 
which,  on  account  of  its  short  filament,  can  be  made  with  a 
bulb  of  the  same  size  as  the  carbon  sign  lamp.  The  heavy  fila- 
ment also  makes  possible  a  lamp  of  very  much  longer  life  than 
one  with  a  fine  filament  of  the  same  efficiency.  Such  a  low- 
wattage  lamp  must  be  a  low-voltage  lamp,  and,  of  course,  it 
is  necessary  to  reduce  the  line  voltage.  In  using  these  lamps  on 
standard  lighting  circuits,  when  alternating  current  is  used,  this 
can  be  done  by  means  of  transformers  which  will  step  down  the 
voltage  from  no  volts  to  n  volts.  The  lamps  can  then  be  wired 
in  multiple  to  produce  satisfactory  results.  When  only  direct 
current  is  available,  however,  some  other  method  of  wiring  must 
be  employed. 

The  two  methods  of  wiring  that  are  used  for  direct  current 
are  series  and  series  multiple.  In  series  wiring  the  lamps  are 
connected  in  series  directly  across  the  mains  and  the  number  of 
lamps  in  series  is  determined  by  their  voltage  and  the  voltage  of 
the  mains.  The  chief  objection  to  this  method  is  that  when  one 
of  the  lamps  burns  out  the  entire  series  goes  out.  When  this 
happens  it  is  often  a  rather  tedious  job  trying  to  discover  the 
lamp  that  has  burned  out.  It  has,  however,  the  advantage  of 
necessitating  an  immediate  replacement  of  the  burned-out  lamp 
where  results  from  the  sign  are  to  be  obtained.  The  lamps 
should   be    selected    for    series    burning. 

Series  multiple  is  the  more  ideal  method  of  wiring  for  direct 
current.  It  is  not  possible  though  to  use  this  method  unless 
there  are  at  least  80  lamps  in  the  sign,  and  it  is  not  advisable 
to  use  less  than  100  lamps.  The  lamps  are  wired  in  multiple  and 
then  the  multiple  groups  are  wired  in  series.  A  sign  containing 
80  lamps  and  having  ten  groups  in  series  would  have  8  lamps  in 
each  multiple  bank.  If  one  lamp  burned  out  the  remaining  seven 
lamps  would  operate  at  a  slightly  higher  efficiency  and  the  life 
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would  be  somewhat  shortened.  But  when  a  large  number  of 
lamps  are  used  in  a  sign  the  failure  of  any  lamp  will  not  affect 
the  others  to  a  great  extent.  A  series  multiple  sign,  therefore, 
should  contain  from  100  to  150  lamps. 

The  central  station  which  supplies  direct  current  need  not 
fear  the  use  of  tungsten  sign  lamps  in  series  or  series  multiple. 
In  one  city  having  250  volts  direct  current   signs  with   t,vcn*'v- 
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F'ig;.  8.  — Roof  signs,  Broadway,  New  York. 

cix  of  these  low-voltage  tungsten  lamps  are  wired  in  series  and 
very  little  trouble  is  experienced.  In  fact  both  these  methods 
of  wiring  (Fig.  7)  are  giving  satisfaction. 

A  sign  containing  tungsten  lamps  on  direct  current  cannot  flash 
less  than  ten  lamps  at  one  time,  for  it  is  necessary  that  at  least  that 
many  lamps  be  connected  in  series.  Where  spectacular  effects 
are  to  be  produced  it  may  be  necessary  to  use  carbon  lamps  to 
bring  out  a  few  of  the  effects.  Nevertheless,  it  is  always  pos- 
sible to  use  tungsten  lamps  for  parts  which  burn  steadily.  In 
a  majority  of  the  signs  this  will  cause  a  great  saving.     Where 


ANDERSON:       SIGN    LIGHTING 


389 


alternating  current  is  available,  and  the  voltage  is  stepped  down 
to  the  voltage  of  the  lamps,  single  lamps  can  be  flashed  in  the 
same  way  as  carbon  lamps.  When  the  number  of  circuits  is 
comparatively  small  and  the  size  of  the  sign  will  permit,  the 
flashers  may  be  located  on  the  high  tension  side.  This  is  de- 
sirable because  of  the  smaller  currents  carried. 

Where  direct  current  is  used  for  sign  lighting  and  it  is  de- 
sired to  change  from  carbon  to  tungsten  lamps,  many  elec- 
tricians suppose  that  the  sign  has  to  be  completely  rewired. 
This  is  not  only  unnecessary,  but  is  a  needless  waste  of  time 
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Fig.  9. — Method  of  changing  regular  multiple  sign  wiring  to  series  for 
tungsten  sign  lamps. 


Fig.  10.— Method  of  changing  regular  multiple  sign  wiring  to  series  multiple  for 
tungsten  sign  lamps. 

and  money  in  most  cases.  Figs.  9  and  10  show  how  quickly 
and  simply  the  wiring  can  be  changed.  To  change  from  mul- 
tiple to  series  multiple  (Fig.  10)  the  wire  is  cut  on  alternate 
sides  of  equal  groups  of  lamps.  In  Fig.  10  eighty  lamps  are 
used  and  the  wire  is  cut  on  the  alternate  sides  of  each  group  of 
eight  lamps.  A  wire  for  the  return  circuit  is  all  that  need  be 
added. 

In  wiring  signs  containing  tungsten  lamps  care  must  be  taken 
to  provide  the  proper  sized  conductors,  as  the  heavy  currents 
may  cause  considerable  line  drop.  A  voltage  drop  of  0.5  volt 
is  about  the  maximum  that  should  be  allowed,  as  a  larger  drop 
will  produce  a  visible  decrease  in  candle-power. 

In  Table  No.  1  are  given  the  maximum  number  of  0.5-ampere 
lamps  that  can  be  supplied  by  feeders  having  the  length  and 
size  given  in  the  table  with  a  voltage  of  not  exceeding  0.2  volt. 


390      TRANSACTIONS  OF   ILLUMINATING   ENGINEERING   SOCIETY 

Table  No.  i. 

Combined  length  Size  of  feeder  (B.  &  S.) 

of  pair  of  " • 

feeders  10  8  6  4  2 

3 64*  92*  130*  184*  262* 

4 5o  77  125  184*  262* 

5 4o  62  100  15S  254 

6 33  53  84  135  210         Number 

8 25  40  63  101  160  of 

10 20  31      50  79  127     lamps 

15 13  21      33  53  85 

20 10  15      25  39  63 

30 7  10      17  26  42 

In  Table  No.  2  are  given  the  maximum  number  of  0.5  am- 
pere lamps  that  can  be  run  in  multiple  with  a  drop  not  exceed- 
ing 0.5  volt  from  the  middle  of  the  bank  to  the  outermost  part. 

Table  No.  2. 

Spacing  Size  of  wire  (B.  &  S.) 

of  lamps  , ' > 

in  inches  14  12  10  8 

3 64*  92*  125*  159 

6 55  7o  88  112 

8 47  60  75  97     Number 

10 42  54  68  86       of 

12 38  49  62  79      lamps 

16 33  42  54  68 

20 29  38  48  61 

Lamps. — Of  the  two  classes  of  sign  lamps  in  use  to-day  the 
carbon  lamp  is  the  one  most  commonly  used  and  is  the  one 
with  which  central  station  men  are  most  familiar.  These  lamps 
are  made  in  voltages  from  45  to  130.  The  sizes  most  frequently 
used  are  the  2-c-p.,  10-watt ;  and  4-c-p.,  20-watt.  They  have  a 
carbon  filament  and  are  rated  at  approximately  5  w.p.c.  with  a 
total  life  of  2,000  hours.  They  are  rugged  lamps  and  have  given 
very  satisfactory  service.  The  candle-power  of  these  lamps 
will  decrease  until  the  lamps  burn  out,  at  which  time  it  may  be 
about  60  or  50  per  cent,  of  the  initial  candle-power. 

The  other  class  of  sign  lamps  in  use  to-day  is  the  tungsten 
lamp.  This  lamp  although  comparatively  new  has  become  quite 
popular.  Although  it  can  be  made  in  a  large  range  of  voltages 
the  standard  voltage  is  from  10  to  13.  This  low  voltage  insures 
a  short,  thick  filament  which  is  very  rugged.     The  lamp  is  sup- 

*  This  number  cannot  be  increased  without  exceeding  the  safe  current  carrying 
capacity  of  weather  proof  wire  as  allowed  by  the  National  Electric  code. 
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plied  with  either  a  M-  or  V-shaped  filament.  The  Y- 
shaped  filament  givers  the  mure  satisfactory  service,  has  sufficient 

end  on  candle-power,  and  the  light  from  the  side  of  the  filament 
is  useful  in  illuminating  the  sides  of  the  letters.  The  life  of 
this  lamp  is  also  2,000  hours  at  an  efficiency  of   1-31  w.p.c. 

The  tungsten  lamp  possesses  several  advantages  over  the  car- 
bon lamp,  the  most  important  advantage  being,  of  course,  the 
increased  efficiency.  This  increased  efficiency  is  partly  due  to 
the  higher  temperature  at  which  the  tungsten  filament  operates. 
Hence  the  intrinsic  brilliancy  of  the  tungsten  lamp  is  much 
greater  than  that  of  the  carbon  lamp;  and  high  intrinsic  bril- 
liancy is  what  is  desired.  Furthermore,  the  decrease  in  candle- 
power  of  the  tungsten  lamp  during  life  is  very  small,  the  drop 
being  only  from  10  to  15  per  cent,  during  the  entire  life  of  2,000 
hours.  A  practically  uniform  quality  of  light  is  therefore  in- 
sured. 

OSCILLOGRAMS    AND    PHOTOMETRIC    CURVES. 

Oscillograms^ — The  oscillograms  shown  in  Fig.  11  illustrate 
the  electrical  characteristics  of  the  various  classes  of  incandes- 
cent lamps.  The  carbon-filament  has  a  negative  temperature 
co-efficient,  the  resistance  being  greatest  when  the  filament  is 
cold ;  hence,  as  the  current  is  turned  on  and  the  filament  grad- 
ually heated  the  resistance  is  decreased.  From  the  curve  it 
is  seen  that  it  takes  an  appreciable  time  for  the  current  to  reach 
it  normal  value.  The  metallized  filament  has  a  negative  tem- 
perature co-efficient  when  the  current  is  first  turned  on,  but  in 
about  four  one-hundredths  of  a  second  its  electrical  character- 
istics change  and  the  co-efficient  becomes  positive.  The  tantalum 
and  tungsten  filaments  have  positive  temperature  co-efficients 
throughout. 

As  the  resistance  of  the  metal  filaments  is  comparatively  low 
when  they  are  cold,  the  instant  the  current  is  turned  on  it  reaches 
several  times  its  normal  value.  This  is  known  as  "over-shoot- 
ing" and  causes  the  lamp  to  light  up  brilliantly  at  once. 
Sign  lamps  operated  at  high  speed  by  flashers  must  light  up 
instantly.     From  the  oscillograms   it   will   be   observed  that   the 

1  Test  of  tungsten  lamps  by  T.  H.  Amrine  and  A.  Guel!.  Univ.  of  Illinois,  Bulletin 
Comparative  tests  of  carbon,  Rem  and  tantalum  lamps  by  T.  H.  Amrine,  Univ.  of 
Illinois,  Bulletin  No.  19. 
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tungsten  lamp  has  a  great  advantage  in  this  respect,  as  it  will 
reach  its  normal  brilliancy  in  about  one-third  of  the  time  of  the 
carbon  lamp.  The  effect  of  "over-shooting"  upon  the  life  of 
the  lamps  is  not  as  serious  as  it  would  appear  to  be,  as  the  ex- 
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perience  with  tungsten  lamps  in  actual  operation  by  flashers 
seems  to  indicate  that  the  life  will  not  be  decreased  by  any  ap- 
preciable amount.  If  the  lamps  are  flashed  so  frequently  that 
the  filaments  do  not  cool,  the  effect  of  "over-shooting"  is  de- 
creased and  hence  the  life  of  the  lamps  is  practically  not  de- 
creased. 

Photometric  Curves. — The  photometric  curves  given  in  Figs. 


Fig.  12. — Polar  distribution  curves  of  tungsten  sign  lamps. 


12  and  13  show  the  effect  of  frosting  on  the  distribution  curves. 
Although  the  tip  candle-power  is  increased  somewhat,  the  total 
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light  flux  is  decreased.  When  a  sign  is  hung  close  to  the  side- 
walk, it  is  necessary  that  the  lamp's  be  frosted  in  order  to  dimin- 
ish the  glare.  When  the  signs  are  placed  at  a  considerable  dis- 
tance above  the  sidewalk,  however,  the  frosting  of  lamps  is  not 
to  be  recommended.  It  acts  as  a  trap  for  dirt  and  greatly  de- 
creases  the   candle-power.     The    increased   tip   candle-power   is 
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Fig.  13.  — Polar  distribution  curves  of  caibon  sign  lamps. 

not  a  great  advantage,  as  signs  are  seen  not  so  much  by  the 
direct  light  from  the  lamps  as  by  the  light  reflected  from  the 
back  and  sides  of  the  letters. 

In  producing  various  artistic  effects  colored  lamps  are  often 
employed.  It  is  possible  to  obtain  sign  lamps  in  either  natural 
or  artificially  colored  bulbs.  Colored  caps  are  sometimes  placed 
over  the  clear  lamps.  These  caps  not  only  protect  the  tungsten 
lamps  but  give  the  desired  color  effect.  Colored  bulbs  will  of 
course  decrease  the  total  light  flux  to  a  considerable  extent,  but 
when  colored  effects  are  desired  the  efficiency  is  no  longer  the 
determining  factor. 


OUTLINE  AND   BILL-BOARD   LIGHTING. 

Outline  Lighting. — The  outlining  of  buildings  by  means  of  in- 
candescent lamps  is  clearly  a  form  of  illuminated  advertising  and 
hence  deserves  consideration  at  this  time.  Prominent  outline 
lighting  is  a  branch  of  exterior  illumination  which  in  the  past  has 
received  very  little  attention.  Only  during  large  celebrations 
and  expositions  have  extensive  exterior  displays  been  made.  And 
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as  these  displays  were  usually  temporary  and  hurriedly  arranged, 
the  effect  produced  could  not  be  called  artistic.  Buildings  were 
outlined  by  stringing  a  few  rows  of  low  candle-power  carbon 
lamps  along  some  of  the  principal  lines  of  the  building.  This 
method  has  been  severely  criticised  by  architects  for  the  reason 
that  only  in  a  few  instances  were  the  important  architectural 
features  brought  out.  In  most  cases  a  row  of  lamps  was  strung 
down  each  corner  and  along  the  cornice;  the  rest  of  the  build- 
ing was  left  in  gloom.  For  permanent  outline  lighting  such 
effects  are,  of  course,  to  be  condemned.  What  is  wanted  is  not 
a  geometric  outline,  but  the  illumination  of  the  principal  ar- 
chitectural features  of  the  building.  In  order  to  improve  upon 
these  unsatisfactory  methods  it  is  necessary  to  place  the  lamps 
so  that  they  will  not  only  bring  out  the  dominant  architectural 
features  but  will  illuminate  the  entire  building.  The  new  office 
building  of  the  Denver  Gas  and  Electric  Co.,  is  a  splendid  ex- 
ample of  good  modern  outline  lighting.  The  lighting  of  this 
building  is  the  finest  example  of  facade  lighting  ever  attempted. 
Thousands  of  brilliant  tungsten  lamps  are  used  to  bring  out 
every  detail  of  the  building  and  the  result  is  wonderful. 

Bill-Board  Lighting. — Bill-board  lighting  is  a  very  important 
phase  of  the  sign  lighting  business.  To-day  our  cities  contain 
miles  and  miles  of  bill-boards  which  are  not  illuminated  in  any 
way;  the  advertisements  are  displayed  only  in  the  clay  time. 
These  advertisements  represent  an  investment  of  a  considerable 
amount  of  money,  and  therefore  the  greatest  possible  amount  of 
advertising  should  be  secured.  By  illuminating  these  bill-boards 
it  is  possible  for  the  advertiser  to  get  twenty-four  hours  of  ad- 
vertising a  day  instead  of  twelve.  Besides  giving  more  hours  of 
advertising  the  light  makes  the  sign  so  dominant  that  its  adver- 
tising value  is  greater  by  night  than  by  day.  From  an  artistic 
point  of  view  the  illuminated  bill-board  is  not  a  success,  and  its 
advertising  value  is  not  as  great  as  that  of  the  all-lamp  sign 
Nevertheless,  the  use  of  illuminative  bill-boards  is  growing  rapid- 
ly, and  it  is  only  a  question  of  time  until  they  will  all  be  lighted  in 
this  way.  Although  such  a  type  of  sign  is  not  to  be  recommended 
in  the  case  of  a  new  installation,  yet  the  illumination  of  old  bill- 
boards is  to  be  recommended  from  the  central  station  point  of 
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view.     Undoubtedly  in  the  near   future  not   only   will   the   bill- 
boards in  the   cities   be  illuminated,  but   the  bill-boards  in  the 


Fig.  14—  Denver  Gas  &  Electric  Company  building,  Denver,  Col. 


country  along  the  railroad  tracks  will  also  be  illuminated.     This 
can  be  done  by  means  of  batteries  and  time  switches. 
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CONCLUSION. 

The  sign  business  at  present  is  growing  more  rapidly  than 
any  other  phase  of  the  electrical  business.  And  notwithstand- 
ing the  remarkable  growth  of  the  last  decade,  a  great  part  of 
this  field  of  lighting  still  remains  undeveloped.  Admittedly, 
also,  many  blunders  have  been  made  in  this  industry,  as  in  other 
industries ;  but  by  correcting  these  mistakes  and  erecting  suitable 
signs  in  all  new  installations  electrical  advertising  will  advance 
even  more  rapidly  than  it  has  in  the  past. 

DISCUSSION. 

G.  G.  Freygang: — What  in  your  opinion  are  the  advantages 
of  the  V-shaped  filaments  over  the  M-shaped  filaments  ? 

Mr.  Anderson : — A  sign  letter  is  seen  by  the  light  coming  di- 
rectly from  the  lamp  and  also  by  the  light  which  is  reflected 
from  the  letter.  When  a  sunken  or  channel  type  letter  is  used, 
it  is  evident  that  the  filament  should  have  such  shape  that  the 
sides  as  well  as  the  back  of  the  letter  are  illuminated.  In  such 
case  a  large  end-on  candle-power  is  not  of  any  particular  ad- 
vantage; in  fact,  it  is  a  disadvantage,  as  the  effect  is  blurred. 
The  V-shaped  filament  has  sufficient  end-on  candle-power  and 
enough  side-on  candle-power  to  illuminate  the  letter  uniformly, 
and  hence,  is  the  more  desirable  for  this  type  of  letter.  In  the 
case  of  a  flush  letter  it  would  appear  that  the  greater  end-on 
candle-power  of  the  M-shaped  filament  is  an  advantage.  My 
experience  however  seems  to  indicate  that  a  flush  letter  equipped 
with  lamps  having  a  V-shaped  filament  can  be  seen  as  clearly 
and  at  as  great  a  distance  as  when  equipped  with  lamps  having 
a  M-shaped  filament. 

W.  Warren  Tower  \ — I  should  like  to  ask  why  it  is  the  light 
of  the  natural  colored  lamp  is  less  than  that  of  the  clear  lamp? 

Mr.  Anderson : — The  life  of  a  lamp  depends  to  a  large  degree 
upon  the  temperature  at  which  the  filament  operates.  If  an  in- 
candescent lamp  were  operated  in  an  oven  of  a  high  temperature 
its  life  would  be  shorter  than  if  operated  under  normal  conditions. 
The  coloring  absorbs  a  considerable  amount  of  the  radiant  energy, 
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and  hence  raises  the  operating  temperature  of  the  lamp.  The 
relation  between  the  life  and  the  color  of  a  lamp  depends  upon 
the  absorption  coefficient  of  the  coloring  used.  The  absorption 
coefficient  of  a  blue  color  is  greater  than  that  of  a  red  or  a  yellow 
color,  and  for  that  reason  blue  colored  lamps  have  a  relatively- 
shorter  life  than  a  yellow  colored  lamp. 
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TESTS  ON  LIGHTING  OF  A  SMALL  ROOM.1 


BY  JAS.    R.    CRAVATH. 


It  has  occurred  to  the  writer  that  although  many  valuable 
tests  of  illumination  have  been  presented  to  this  society,  there 
has  been  a  remarkable  scarcity  of  tests  in  small  rooms  approxi- 
mately 15  by  15  feet  and  from  8^2  to  10  feet  high.  As  there  are 
doubtless  more  rooms  of  about  this  type  than  any  other  kind 
in  existence,  the  illuminating  results  obtained  in  such  rooms 
should  rightfully  receive  much  study. 

The  object  of  the  present  paper  is  first  to  show  what  results  are 
actually  obtained  in  rooms  of  the  type  mentioned  with  several 
common  artificial  lighting  arrangements,  and  second  to  com- 
pare the  measured  efficiency  of  several  methods  in  common  use 
at  the  present  time.     The  question  of  shadows  is  also  studied. 

THE    ROOM    USED. 

The  room  in  which  these  tests  were  carried  out  is  the  living 
room  in  the  writer's  home,  the  dimensions  of  which  are  12  feet 
by  16  feet  6  inches.  The  ceiling  height  is  8  feet  6  inches.  The 
ceiling  color  is  very  light  cream.  The  walls  are  light  green 
rough  paper.  A  plan  of  this  room  is  given  in  Fig.  1.  During 
the  test  the  large  door  spaces  were  provided  with  red  portieres 
and  green  window  shades  were  drawn  down  over  the  windows. 
The  rug  was  dark  red  and  the  woodwork  and  floor  natural  oak 
finish.  The  fireplace  in  one  corner  of  the  room  is  of  light 
colored  brick. 

For  purposes  of  this  test  only  one-fourth  of  the  room  was 
taken,  the  test  stations  being  indicated  on  the  plan  Fig.  1. 
It  was  assumed  that  the  results  in  this  quarter  of  the  room 
represented  the  true  average  results  for  the  whole  room.  While 
this  may  not  be  literally  true,  it  is  believed  to  be  near  enough 
true  for  all  practical  purposes.  The  furniture  in  the  room  was 
arranged  as  in  ordinary  use  except  in  the  quarter  in  which  the 
tests  were  being  made.  All  the  tests  were  made  in  the  same 
quarter    of    the    room.     This    quarter    was    divided    into    equal 

1  A  paper  presented  at  a  meeting  of  the  Chicago  Section  of  the  Illuminating  Engi- 
neering Society,  March  16,  191 1. 
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rectangles,  each  rectangle  being  2  feet  %  inch  by  3  feet  and  a 
test  station  was  located  at  the  center  of  each  rectangle.  The 
numbers  on  the  test  stations  in  Fig.  1  corresponds  to  the  numbers 
given  on  the  schedule  of  the  various  tests. 

The  room  has  an  outlet  at  the  center  of  the  ceiling.     In  all 


JZ'O  - 


the  tests,  except  those  for  indirect  and  semi-indirect  lighting,  the 
lamp  was  placed  as  close  to  the  ceiling  as  an  ordinary  brass 
shell  ceiling  socket  would  permit,  namely,  about  8  inches  for  the 
100-watt  tungsten  lamp  used. 
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It  will  be  seen  that  the  room  is  of  a  size  which  is  very  common. 
Many  rooms  of  this  size,  however,  have  ceilings  from  6  inches 
to  1 8  inches  higher. 

METHODS    OE    TEST. 

All  the  tests  were  made  with  the  same  tungsten  lamp  of 
ioo-watt  nominal  rating.  In  order  to  eliminate  personal  and  in- 
strument errors  as  far  as  possible,  the  same  set  of  instruments 
were  used  both  in  testing  the  candle-power  of  the  ioo-watt 
tungsten  lamp  used  during  the  test  and  in  making  the  illumina- 
tion tests,  and  the  photometric  readings  were  all  taken  by  the 
same  person.  Before  the  test  the  tungsten  lamp  used  was  placed  on 
a  screened  photometer  bench  at  a  measured  distance  from  the 
test  plate  of  a  Sharp-Millar  photometer.  For  this  candle-power 
test  the  photometer  was  arranged  to  read  foot-candles  just  as 
for  the  illumination  tests  made  later,  in  order  to  eliminate  any 
possible  error  by  a  discrepancy  between  the  foot-candle  and 
candle-power  measurement  arrangement  provided  on  this  photom- 
eter. By  this  method  40  readings  were  taken  of  the  horizontal 
candle-power  of  the  lamp  used  and  the  mean  of  these  was  taken 
as  the  mean  horizontal  candle-power.  Voltage  readings  were 
taken   simultaneously  with  the  photometer  readings. 

In  testing  the  illumination,  the  same  Sharp-Millar  photometer 
and  Weston  mil-am-meter  were  used,  and  the  photometer  was  set 
on  a  table  with  the  test  plate  3  feet  6  inches  from  the  floor.  The 
same  Wagner  alternating-current  voltmeter  was  used  to  test 
the  voltage  at  the  instant  -of  taking  a  photometer  reading,  both 
in  the  candle-power  and  illumination  tests.  The  voltage  was 
usually  very  steady.  Five  readings  were  taken  at  each  test 
station. 

In  the  results  which  are  given  later,  the  proper  correction  fac- 
tors have  been  applied  to  reduce  all  results  to  what  they  would 
have  been  had  the  lamp  used  during  the  test  been  operated  at 
78.9  mean  horizontal  candle-power.  This  is  the  candle-power 
at  which  most  American  makers  now  rate  ioo-watt  tungsten 
lamps  of  the  type  used  when  operated  at  the  middle  voltage 
marked  on  the  lamp. 

However,  the  watts  per  lumen  for  each  test  are  given  both  on 
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the  basis  of  78.9  horizontal  candle-power  and  100  watts,  which 
is  the  new  rating,  and  80  horizontal  candle-power,  100  watts, 
which  is  the  old  rating.  The  reason  for  giving  the  watts  per 
lumen,  figured  according  to  the  old  .rating,  as  well  as  according 
to  the  new,  is  that  considerable  information  has  been  published 
in  the  Transactions  based  on  the  old  rating  of  these  tungsten 
lamps.  The  old  rating  is  therefore  given  for  purposes  of  com- 
parison with  previous  results  and  to  avoid  any  confusion  be- 
tween the  new  and  old  ratings. 

The  makers'  rating  of  773  lumens  for  a  lamp  of  this  type 
operated  at  78.9  horizontal  candle-power  was  accepted  as  cor- 
rect in  working  out  all  the  final  results  as  to  efficiency. 

THE    TESTS    MADE. 

The  following  different  systems  of  lighting  were  tested. 

A.  Clear  prismatic  reflector  over  lamp  at  ceiling.  The  re- 
flector used  was  8  inches  in  diameter  by  5%  inches  high  and  gives 
what  is  now  commonly  known  as  the  extensive  type  of  light 
distribution. 

B.  Bare  unshaded  lamp  at  ceiling. 

C.  Lamp  at  ceiling  equipped  with  an  opal  bowl-shaped  re- 
flector, 8  inches  in  diameter  by  6  inches  high,  giving  the  ex- 
tensive type  of  distribution,  but  being  somewhat  more  concen- 
trating than  the  prismatic  reflector  used  in  test  A.  This  'opal 
reflector  had  8  pairs  of  ribs.  With  this  arrangement  there  was 
also  made  a  test  for  the  effect  of  shadows.  After  taking  the 
regular  reading  for  illumination  without  any  shadow  on  the  test 
plate,  an  8-inch  disk  was  placed  15  inches  from  the  test  plate 
and  arranged  at  such  an  angle  as  to  give  the  maximum  possible 
shadow  on  the  test  plate.  The  idea  of  this  test  was  partly  to 
give  a  rough  idea  of  how  much  of  the  light  was  received  direct 
from  the  source  and  partly  to  determine  how  much  reduction  of 
illumination  a  person's  head  might  cause  were  he  necessarily 
seated  so  as  to  cast  a  shadow  on  his  work.  This  is  a  matter 
which  is  principally  of  interest  in  connection  with  the  lighting  of 
offices  without  individual  desk  lamps. 

D.  Indirect  lighting  using  a  bell-shaped  corrugated  one-piece 
glass  mirrored  reflector  of  a  type  now  very  commonly  used  with 
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indirect  lighting,  classed  by  the  makers  as  being  of  the  dis- 
tributing type.  The  top  of  the  reflector  was  16  inches  from  the 
ceiling.  This  reflector  had  been  in  use  two  years  and  was  in 
good  condition  except  for  a  slight  blackening  around  the  neck, 
probably  caused  by  sulphur  in  the  rubber  covered  lamp  cord  with 
which  the  fixture  had  been  wired.  This  reflector  is  9^  inches 
diameter  by  4  inches  deep  and  the  lamp  filament  comes  slightly 
above  the  level  of  the  top  of  the  reflector.  The  shadow  test  was 
also  made  at  the  various  test  stations  with  this  system.  As  the 
source  of  light  was  the  ceiling  in  this  case  as  far  as  the  test 
plate  was  concerned,  the  8-inch  disk  which  was  used  to  shade 
the  test  plate  was  placed  15  inches  from  the  test  plate  in  such 
a  position  as  to  cast  the  maximum  possible  shadow  on  the  test 
plate. 

E.  The  opal  bowl-shaped  reflector  used  in  test  C  was  in- 
verted so  that  the  lamp  was  pointed  toward  the  ceiling  to  pro- 
duce a  system  of  semi-indirect  lighting.  The  top  of  the  re- 
flector was  14  inches  from  the  ceiling.  In  this  case  the  only 
direct  lighting  coming  on  the  test  plate  was  the  much  diffused  light 
coming  through  the  reflector.  A  considerable  portion  of  the 
light  received  on  the  test  plate  was  by  reflection  from  the  ceiling. 

F.  Over  the  lamp  at  the  ceiling  a  stalactite  enclosing  globe 
was  placed.  This  globe  was  8  inches  in  diameter  by  11  inches 
high  and  was  roughed  inside.  It  had  seven  pairs  of  ribs,  which 
doubtless  acted  to  some  extent  as  refracting  prisms,  thus  caus- 
ing a  slightly  higher  absorption  than  a  plain  roughed  inside  ball. 
This  globe  represents,  or  is  typical  of  a  considerable  class  of 
diffusing  enclosing  globes  now  in  use  with  tungsten  lamps. 

G.  An  8-inch  opal  ball  was  placed  over  the  lamp  at  the  ceil- 
ing. The  opal  was  dense  enough  to  produce  complete  diffusion 
so  that  the  position  of  the  lamp  filament  could  not  be  seen. 

NOTES    AXD    COMMENTS. 

In  Fig.  2  are  plotted  curves  showing  the  intensity  in  foot- 
candles  at  stations,  5,  6,  7  and  8.  These  curves  fairly  show  the 
differences  in  uniformity  of  illumination  with  the  different  sys- 
tems tested.     On  the  left-hand  side  of  Fig.  2  are  the  curves  of 
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the  illumination  with  the  test  plate  unshaded.     On  the  right-hand 
side  are  similar  curves  with  the  test  plate  shaded. 

In  measured  efficiency  the  opal  and  prismatic  reflectors  with 
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direct  lighting  naturally  stand  at  the  head  of  the  list.  This  is 
because  a  larger  percentage  of  the  light  is  received  direct  from 
the  lamp  and  reflector  than  in  any  of  the  other  systems  tested. 
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As  regards  the  amount  of  shadow  possible,  these  two  most  effi- 
cient systems  stand  at  the  bottom  of  the  list,  as  might  be  ex- 
pected, because  when  the  direct  light  is  cut  off  from  the  test 
plate  there  is  a  smaller  percentage  of  indirect  light  to  illuminate 
the  plate. 

As  regards  the  relative  comfort  of  the  various  systems  tested 
to  persons  who  may  have  to  sit  facing  the  center  of  the  room,  the 
indirect  system  heads  the  list  followed  by  the  semi-indirect,  and 
the  opal  ball. 

One  interesting  point  is  the  small  difference  in  efficiency  be- 
tween the  opal  ball  which  gives  perfect  diffusion  of  light  over  its 
surface,  and  the  roughed  stalactite  which  does  not  give  nearly 
as  good  diffusion.  On  account  of  the  greater  absorption  of 
opal  as  compared  to  roughed  or  etched  glass,  it  would  be  ex- 
pected that  the  results  with  the  opal  globe  might  show  a  much 
lower  efficiency  than  with  the  roughed  stalactite.  That  the 
difference  in  efficiency  is  less  than  one  might  expect  from  a  con- 
sideration of  the  relative  absorption  of  the  two  kinds  of  glass 
is  probably  to  be  accounted  for  mainly  by  the  fact  that  the  opal 
modifies  the  distribution  of  light  from  the  bare  lamp  more  than 
does  the  roughed  glass.  The  result  is  that  a  larger  percentage 
of  the  total  light  is  directed  downward  and  upward  from  the 
opal  ball  than  from  the  roughed  glass  stalactite.  That  going 
downward  reaches  the  working  plane  direct,  and  that  directed 
upward  toward  the  light  colored  ceiling  is  received  back  with 
one  reflection  on  the  test  plane.  With  the  roughed  stalac- 
tite a  larger  percentage  of  the  light  is  given  off  horizon- 
tally so  it  is  lost  by  the  absorption  of  the  walls.  From 
the  standpoint  of  comfort  the  opal  ball  is  preferable  to  the 
roughed  glass,  but  even  the  opal  ball  with  a  100-watt  lamp  in 
it  is  anything  but  comfortable  to  face  in  the  center  of  such  a 
small  room. 

The  semi-indirect  system  with  the  opal  reflector  pointed  upward 
is  in  my  opinion  far  preferable  to  the  opal  ball,  as  it  is  not  only 
easier  on  the  eyes,  but  more  efficient.  The  semi-indirect  system 
may  be  said  to  occupy  a  place  midway  between  the  direct  system 
using  open  reflectors  and  the  indirect  with  opaque  reflectors.  It 
is  not  as  comfortable  as  the  indirect  and  it  causes  more  pro- 
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nounced  shadow,  but  it  is  more  efficient  and  does  not  hide  the 
source  of  light  entirely  where  some  light  is  wanted  for  decorative 
effects. 

The  results  on  indirect  lighting  in  this  test  check  very  closely 
with  results  reported  by  the  writer  to  this  Society  in  1909  in  a 
somewhat  similar  room.  In  that  paper  certain  conclusions  were 
deducted  from  the  best  information  available  at  that  time.  Some 
of  these  conclusions  are  confirmed  by  the  tests  now  reported, 
but  some  need  modification. 

The  conclusion  from  the  present  tests  is  that  the  ratio  of 
measured  efficiency  between  a  direct  system  using  efficient 
translucent  reflectors  and  an  efficient  indirect  system  in  a  room 
of  this  kind  is  as  the  ratio  of  3  to  5.  What  the  practical  work- 
ing efficiency  or  "efficacy"  of  the  two  systems  is  for  different 
purposes  depends  on  the  particular  conditions  and  uses  of  the 
room.  The  present  tests  indicate  that  the  measured  efficiency  of 
a  direct  system  using  enclosing  globes  is  a  little  higher  than  an 
indirect  system  with  opaque  reflectors,  although  lower  than  a 
semi-indirect  system  with  translucent  reflectors. 

In  considering  the  objectionableness  of  shadows,  it  must  be 
remembered  that  it  is  not  altogether  a  question  of  the  absolute 
amount  of  illumination  obtained  in  the  shadow,  but  rather  of  the 
contrast  between  the  illumination  in  the  shadow  and  the  surround- 
ing illumination.  It  is  for  this  reason  that  the  shadows  with  in- 
direct illumination  appear  so  much  less  than  with  direct  illumina- 
tion. Nevertheless  the  actual  amount  of  shadow  with  indirect 
illumination  as  shown  by  these  tests  will  doubtless  be  a  surprise 
to  many  who  have  considered  indirect  illumination  of  this  kind 
almost  shadowless.  While  the  shadows  are  far  less  than  with 
direct  illumination,  it  is  far  from  being  shadowless. 

The  writer  wishes  to  express  his  appreciation  of  assistance 
rendered  during  these  tests  by  Messrs.  O.  II.  Caldwell  and  L.  F. 
Payne. 

DISCUSSION. 

Mr.  Albert  Scheible: — May  I  ask  Mr.  Cravath  whether  in  his 
statement  regarding  the  placing  of  the  lamp  eight  inches  from 
the  ceiling  he  means  eight  inches  measured  to  the  center  of  the 
filament  ? 
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Mr.  Cravath  : — Yes,  that  is  to  the  center  of  the  filament. 

Mr.  G.  H.  SHckney: — Mr.  Cravath's  tests  are  especially  in- 
teresting in  that  they  give  actual  quantitative  values  under  cer- 
tain well  defined  typical  conditions.  These  are  in  contrast  to 
many  published  tests  where  the  conditions  are  not  sufficiently 
defined  to  permit  of  reliable  interpretation.  \\'hile  the  tests 
give  a  good  idea  of  the  lighting  produced  and  go  as  far  as 
generality  will  permit,  they  do  not  give  us  the  key  to  the  rel- 
ative utility  of  the  illumination.  This,  of  course,  depends  upon 
the  purpose  of  the  illumination. 

A  room  of  this  size  may  be  used  for  various  purposes,  but 
it  would  be  used  usually  as  a  living  room  or  an  office.  If  it 
were  used  as  an  office,  better  results  could  be  obtained  by  the  use 
of  two  outlets  rather  than  one;  so  that  it  is  more  typical  of  good 
living-room  lighting.  Considering  it  as  such  I  would  be  inclined 
under  the  circumstances  to  prefer  the  semi-indirect  system.  Off 
hand,  we  are  apt  to  give  too  much  weight  to  measured  efficiency. 
The  great  advance  in  efficiency  which  came  with  the  tungsten 
filament  lias  emphasized  efficiency  and  there  has  been  a  tendency 
to  go  to  the  extreme  in  order  to  obtain  the  highest  efficiency 
Me  at  the  sacrifice  of  diffusion  and  other  desirable  qualities. 
The  practice  is  now  tending  toward  the  other  extreme  of  diffu- 
sion, although  in  general  we  have  not  yet  reached  the  happy 
mean.  To  my  mind,  the  lighting  of  a  living  room  is  more  of  an 
artistic  problem  than  one  of  purely  illuminating  engineering,  and 
the  test  of  the  suitability  of  the  lighting  should  be  the  impres- 
sion made  upon  the  ladies  of  the  household  rather  than  the  il- 
lumination measurements.  The  author  has  omitted  to  give  us 
tliis  information  and  I  should  like  to  ask  him  which  lighting 
equipment  was  preferred  by  the  ladies  in  his  home. 

Many  of  the  accepted  rules  for  ordinary  lighting  do  not  apply 
to  household  problems.  For  example,  the  most  pleasant  pic- 
ture of  home  lighting  that  I  remember  includes  a  group  of 
sitting  around  a  large  fireplace  with  no  other  light  than 
that  from  the  burning  log.  We  suffered  no  eye  strain  although 
we  faced  the  flames,  which  must  have  produced  some  small  de- 
gree of  glare.  Moreover,  the  light  certainly  was  unsteady. 
(  )rdinarily  we  would  say  the  light  was  coming  from  the  wrong 
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direction,  yet  the  result  is  an  illumination,  the  pleasing  effect  of 
which  is  practically  impossible  to  excel. 

I  hope  Mr.  Aldrich  will  tell  us  something  about  his  extensive 
experiments  in  office  lighting.  He  ought  to  be  able  to  add  con- 
siderably to  our  information  on  that  subject. 

Mr.  T.  H.  Aldrich  : — I  cannot  give  the  Society  any  information 
of  value  on  office  lighting  at  present  as  suggested  by  Mr. 
Stickney,  as  I  have  been  unable  as  yet  to  make  the  illuminom- 
eter  tests  I  intend  to  make  on  the  different  installations  of 
office  lighting  which  the  International  Harvester  Company  has 
made  in  its   general  offices. 

Referring  to  Mr.  Cravath's  tests  of  residence  lighting,  which 
are  very  interesting,  I  might  say  that  I  have  installed  in  my 
living  room  at  home,  size  14  ft.  by  15  ft.  by  9  ft.  6  in.  high,  a 
100-watt  unit  with  an  opaque  silvered  reflector  for  indirect  light- 
ing, suspended  16  ins.  from  the  ceiling.  This  scheme  replaced 
a  4-light  fixture,  in  which  were  used  25-watt  tungsten  lamps  en- 
closed with  suitable  alabaster  shades.  The  bottom  of  the  shades 
measured  7  ft.  6  in.  from  the  floor.  I  had  observed  that  when 
two  or  four  persons  wished  to  read  in  different  parts  of  the 
room  that  it  was  quite  difficult  to  locate  a  chair  properly  so 
that  sufficient  light  could  be  obtained  in  the  right  direction  from 
the  chandelier  in  order  to  read  with  comfort.  The  person  sit- 
ting beneath  the  lights  was  about  the  only  one  who  got  the  pro- 
per intensity  for  reading.  I  then  added  a  student's  double  oil 
lamp.  This  I  changed  to  electric  and  used  a  green  porcelain  10- 
inch  cone  shade  and  a  25-watt  frosted  bowl  tungsten  lamp.  This 
addition  gave  a  good  light  for  two  people  to  read  by  when  sitting 
around  a  table  at  one  end  of  the  room.  I  afterward  replaced 
the  tungsten  lamps  with  25-watt  tantalum  lamps  and  found  a 
decided  improvement  in  the  lowering  of  the  intensity  of  the 
light  reflected  on  the  book  being  read.  The  color  of  the  tan- 
talum filament  gives  a  softer  light  for  reading.  The  present 
25-watt  tungsten  lamp  is  a  little  too  bright  for  home  use  for  close 
work  unless  enclosed.  The  color  and  intrinsic  brilliancv  is  more 
harsh  and  trying  on  the  eyes,  especially  if  one  is  reading  print 
on  glossy  paper. 

After  installing  the  indirect  unit,  one  could  sit  in  any  part  of 
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the  room  and  read  with  comfort.  Sufficient  intensity  was  re- 
flected  from  the  ceiling-  to  the  plane  of  reading.  From  a 
reading  standpoint  I  should  say  that  the  indirect  lighting- 
scheme  was  the  easier  on  the  eyes  compared  with  the  direct  light- 
ing. If  the  decorative  effect  is  to  be  dwelt  upon  I  should  say  a 
semi-indirect  or  a  combination  fixture  of  direct  and  indirect  light- 
ing would  probably  meet  all  requirements   satisfactorily. 

I  should  like  to  ask  Mr.  Cravath  which  lighting,  in  his  opinion, 
is  most  satisfactory  in  that  particular  room  for  reading,  con- 
sidered from  two  or  three  different  points  in  the  room. 

Mr.  Cravath : — I  should  say  the  indirect,  although  there  is  not 
much  difference  between  that  and  the  semi-indirect.  Some 
people  are  not  used  to  completely  hidden  lights.  For  those  the 
semi-indirect  offers  a  visible  light  source  with  much  reduced 
glare.  Some  of  these  systems  which  I  tested  were  installed  such 
a  short  time  that  I  did  not  really  test  them  in  regular  use.  The 
system  that  has  been  the  most  popular  in  my  house  was  an  ex- 
periment which  I  tried ;  it  is  not  there  now,  but  it  brought  out 
enthusiasm  from  the  feminine  members  of  the  household.  It  was 
a  combination  of  direct  and  indirect,  so  arranged  that  none  of 
the  direct  light  could  shine  directly  in  the  eyes,  but  gave  a  strong- 
ly concentrated  light  right  under  the  fixture. 

Mr.  Scheiblc: — Mr.  Cravath's  paper  contains  a  set  of  interest- 
ing figures  and  some  good  curves.  I  fear,  however,  that  the  curves 
may  be  misleading  to  some  for  the  reason  that  the  low  ends 
of  the  curves  do  not  start  at  the  same  point  and  therefore  any 
attempt  to  show  the  uniformity  or  lack  of  uniformity  of  the  il- 
lumination from  the  shape  of  the  curves  is  apt  to  be  mislead- 
ing. In  the  curves,  for  instance,  the  lines  F.  and  D.  are  very 
nearly  parallel  and  yet  the  distribution  factor  for  F.,  that  is,  the 
ratio  of  the  highest  foot-candle  reading  to  the  lowest,  is  only 
about  4,   while  for  D  it  is  6. 

Mr.  Cravath  : — The  bare  lamp  makes  the  best  uniformity  show- 
ing of  any  of  the  systems,  but  it  is  intolerable  because  of  its 
glare. 

Mr.  Arthur  J.  Sweet: — I  notice  Mr.  Cravath,  probably  pur- 
posely, did  not  draw  any  conclusions  on  uniformity.  The  height 
of  this  particular  room  in  the  test,   relative  to  the   size  of   the 
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room,  is  not,  I  believe,  thoroughly  representative.  We  have 
many  rooms  in  residences  of  similar  type,  and  of  about  this 
size,  but  which  I  believe  average,  say,  twelve  inches  higher 
than  this  particular  room.  The  question  of  light  versus  the 
dimness  of  the  room  is  extremely  important.  In  the  tests 
here  considered,  the  opal  reflector  used  as  a  direct  light  and 
the  prismatic  reflector  would  both  show  up  better  in  uniformity 
and  efficiency  with  a  light  suspended  higher.  It  is  a  very  poor 
comparison  to  make  as  long  as  this  is  the  size  of  the  room  we  are 
considering,  and  we  should  bear  in  mind  that  these  particular 
factors  do  not  necessarily  apply  to  a  room  of  different  size. 

I  do  not  think  that  in  home  illumination  the  object  is  to  pro- 
duce a  uniform  illumination,  which  is  usually  the  ideal  in  office 
illumination.  On  the  other  hand  an  uncontrolled  non-uniformity 
is  not  desirable.  That  is,  we  wish  to  make  our  non-uniformity 
very  definite.  I  believe  the  time  will  come  in  home  illumination 
when  we  shall  treat  light  and  produce  effects  more  as  the  painter 
produces  effects  with  his  brush.  The  most  important  effects  can 
be  produced  by  bringing  out  particular  objects  in  a  room  by  par- 
ticular lighting  of  these  objects.  For  instance,  in  a  living  room 
the  table,  which  is  logically  the  artistic  center  of  the  room,  is  the 
object  which  should  be  especially  illuminated.  Where  the  table 
is  located  in  the  center  of  the  room  the  light  can  be  concentrated 
down  from  the  center  of  the  room  and  produce  very  satisfactory 
effects.  At  least,  I  should  like  to  express  this  view :  different  ob- 
jects in  the  room  should  be  illuminated  in  proportion  to  their 
artistic  value  or  their  logical  importance  in  the  scheme  of  the 
room. 

Dr.  M.  G.  Lloyd  :• — It  is  to  be  noticed  in  the  table  of  measure- 
ments given  that  the  highest  effic:  icy  accompanies  the  greatest 
range  in  the  intensity  of  illuminatk  and  that  in  the  case  of  low- 
est efficiencv  the  range  of  illumination  is  also  the  least.  The  two 
sets  of  values  go  hand  in  hand  through  almost  the  entire  set  of 
measurements.  If  we  disregard  the  artistic  or  decorative  effects, 
the  two  principal  considerations  in  designing  illumination  are 
efficiency  and  adequacy,  or  suitability  to  the  purpose  desired. 
Y\ 'here  general  illumination  is  required  the  amount  of  power  to 
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be  utilized  must  be  determined  by  the  illumination  in  that  part  of 
the  room  where  it  is  a  minimum. 

Now,  according  to  these  figures  the  differences  in  minimum 
illumination  are  very  slight  and  consequently  approximately  the 
same  wattage  would  be  required  for  any  of  these  methods  which 
might  be  employed.  Consequently,  the  very  great  differences 
in  efficiency  which  are  noted  do  not  indicate  any  similar  differ- 
ence in  the  cost  of  lighting  the  room.  The  larger  efficiencies 
merely  indicate  a  surplus  of  illumination  in  those  parts  of  the 
room  which  are  most  strongly  illuminated,  and  this  surplus  may 
be  regarded  as  a  disadvantage  rather  than  an  advantage.  In 
other  words,  the  experiments  cannot  be  construed  as  representing 
a  more  expensive  scheme  of  lighting  with  the  indirect  or  semi- 
indirect  systems  than  with  the  others.  That  is,  for  the  same 
minimum  illumination  the  least  efficient  system  is  about  as  good 
as  the  most  efficient,  and  if  we  consider  the  question  of  glare 
there  would  appear  to  be  some  advantage  with  the  indirect  or 
semi-indirect  systems. 

Mr.  G.  C.  Keech : — The  habits  of  a  family  regulate  the  position 
of  light  sources  in  different  parts  of  a  room  more  than  anything 
else.  A  number  of  school  children  with  books  around  the  edge 
of  a  table  in  the  center  of  the  room  will  be  taken  care  of  very 
well  by  a  central  unit  as  suggested  in  this  paper.  If  a  musical 
family  gathers  around  an  upright  piano  at  one  end  or  in  one 
corner  of  a  room  of  this  size,  they  will  receive  very  little  illumina- 
tion, probably  less  than  one  foot-candle  on  the  music,  according 
to  the  measurements  at  stations  1  and  5. 

As  an  illustration  of  a  room  where  a  central  fixture  is  of  very 
little  benefit,  I  have  in  mind  one  with  a  couch  projecting  from 
one  corner  so  that  anyone  reading  in  a  reclining  position  re- 
quires light  from  the  corner.  \lso  anyone  sitting  at  a  lady's 
writing  desk  at  one  side  of  the  om  would  cast  a  shadow  on  her 
wnrk.  A  gfland  piano  placed  in  another  corner  facing  the  center 
of  the  room  would  have  shadows  on  the  music  cast  from  a  central 
light  by  people  sitting  or  standing  in  front.  A  small  table  in 
another  corner  where  reading  is  done  would  not  receive  suffi- 
cient light  from  a  central  fixture  without  a  very  large  wattage 
consumption  in  this  fixture. 
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Although  a  believer  in  the  use  of  large  units  in  the  ceiling,  I 
think  that  this  is  a  case  which  seems  impossible  to  cover  by  a 
single  central  outlet. 

Mr.  Cravath : — I  do  not  think  Mr.  Keech  outlined  any  con- 
ditions in  the  living-room  which  he  described  which  could  not  be 
taken  care  of  by  one,  or  at  most  two,  central  outlets  equipped 
either  for  indirect  lighting  or  semi-indirect  lighting  with  the 
shadows  reduced  by  dense  diffusing  glass.  The  room  he  de- 
scribes would  necessarily  be  considerably  larger  than  ordinary 
rooms  of  the  class  considered  in  my  paper.  For  the  benefit  of 
those  who  have  not  tried  it,  I  may  say  that  diffused  lighting 
by  reflection  from  central  areas  in  a  ceiling  as  in  the  case  of  the 
indirect  and  semi-indirect  systems,  makes  possible  lighting  from 
much  fewer  outlets  than  equally  satisfactory  direct  systems. 
In  other  words  with  diffused  lighting  we  treat  the  illumination 
problem  of  the  room  as  a  whole.  With  direct  lighting  we  may 
have  to  treat  it  piecemeal. 
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COU^CLL  NOTES. 


The  May  meeting"  of  the  council  was  held  in  the  general 
office  on  the  19th  instant.  Those  present  were  A.  E.  Kennelly, 
president ;  V.  R.  Lansingh,  treasurer ;  Preston  S.  Millar,  general 
secretary ;  George  S.  Barrows,  E.  P.  Hyde,  W.  H.  Gartley,  A. 
S.  McAllister. 

Reports  were  received  and  accepted  from  the  secretary,  the 
finance  committee  and  several  other  standing  and  temporary 
committees. 

In  the  report  of  the  secretary  the  total  membership  of  the 
society  was  given  as  1,510.  This  number  did  not  include  any  of 
the  applications  which  had  been  received  since  the  previous 
council  meeting. 

Eighteen  applicants  for  membership  were  elected.  One  appli- 
cation   for    reinstatement   was    accepted. 

Mr.  J.  R.  Cravath  of  Chicago  was  appointed  a  director  to 
fill  the   unexpired  term  of  Mr.   E.   M.   Lloyd,   resigned. 

A  resolution  was  passed  authorizing  the  publication  of  a 
pamphlet  prescribing  the  general  form  for  all  papers  submitted  to 
the  society  for  publication.  The  pamphlets  will  be  ready  shortly 
lor  distribution. 

The  names  of  three  members,  two  resigned  and  one  deceased, 
were  withdrawn  from  the  society's  roll. 

At  the  conclusion  of  the  meeting  a  set  of  resolutions  commend- 
ing the  course  in  illuminating  engineering  given  at  Johns  Hopkins 
University  last  fall,  under  the  auspices  of  the  society  and  the 
nniversity,  was  received.  The  resolutions  are  reproduced  on  the 
two  following  pages. 
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Chica.pT?. 

y^/3d&t*  Philadelphia. 
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SECTION    MEETINGS. 


CHICAGO    SECTION. 

The  Chicago  section  held  a  meeting  Thursday  evening,  May 
18th,  in  the  new  Peoples  Gas  Building.  After  an  inspection  of 
the  lighting  equipment  of  the  building,  the  members  assembled 
in  the  handsome  main  office  on  the  first  floor  to  listen  to  the 
reading  of  a  paper  by  Mr.  Charles  A.  Luther,  entitled  "The 
Illumination  of  the  Peoples  Gas  Building."  Messrs  G.  C.  Keech, 
J.  R.  Cravath,  O.  R.  Hogue,  F.  A.  Vaughn  and  C.  A.  Luther 
were  appointed  a  nominating  committee  to  report  at  the  ]une 
meeting  a  list  of  officers  for  the  section  for  the  ensuing  year. 

The  concluding  meeting  of  the  season  will  be  held  Thmsday 
noon,  June  15th.  Mr.  W.  D.  Bradley  will  present  a  paper  on 
"Natural  Daylight  Illumination." 

NEW  ENGLAND  SECTION. 

A  meeting  of  the  Xew  England  section  was  held  May  9th. 
Dr.  Louis  Bell  gave  a  talk  on  the  "Chromatic  Aberration  of  the 
Eye."  • 

The  last  meeting  of  the  season  will  be  held  June  12th. 

NEW    YORK    SECTION. 

Prof.  R.  S.  Woodworth  of  Columbia  University  read  a  paper 
entitled  "The  Psychology  of  Light"  at  the  meeting  of  the  New 
York  section  which  was  held  May  nth.  The  paper  appears  in 
this  issue  of  the  Transactions. 

The  final  meeting  of  the  present  season  will  be  held  in  the 
United  Engineering  Societies'  Building,  June  8th.  Mr  Sydney 
W.  Ashe  will  present  two  papers,  one  "A  Corporation  Graduate 
Course  in  Illuminating  Engineering,"  the  other  on  "A  Compari- 
son of  Illuminants." 

PHILADELPHIA  SECTION. 

The  Philadelphia  section  held  a  meeting  May  19th.  Mr.  G. 
H.  Stickney,  of  the  General  Electric  Company,  presented  a 
paper  on  "Mill  Lighting."  Seventy-five  members  and  visitors 
were  present. 

Two  papers  will  be  presented  at  the  last  meeting  of  the  season, 
June  16th.  One  of  the  papers,  "Gas  Ignition"  will  be  read  by 
Dr.  Howard  Lyon ;  the  other  entitled  "Lighting  a  Garage  by 
Electricity"  will  be  presented  by  Mr.  R.  F.  Zeek. 
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AN  EXPERIMENTAL  STUDY  OF  FLAME  STANDARDS.1 


P.V    E.    C    CRITTEXDEX. 


At  the  19 10  convention  of  the  Illuminating  Engineering  So- 
ciety, a  preliminary  report  of  the  work  on  flame  standards  of 
candle-power  which  is  in  progress  at  the  Bureau  of  Standards 
was  presented  by  Dr.  E.  B.  Rosa  and  the  present  author.  At 
that  time  it  was  expected  that  fuller  details  of  the  work  would 
soon  be  published  in  the  bulletin  of  the  Bureau,  but  the  pres- 
sure of  other  work  has  delayed  such  publication.  In  a  paper 
on  "The  Pentane  Lamp  as  a  Primary  Standard,"  presented 
at  the  Minneapolis  meeting  of  the  American  Association,  one 
phase  of  the  subject  was  discussed,  and  the  essential  features 
of  a  new  form  of  pentane  lamp  were  described.  In  the  present 
paper  will  be  given  some  details  of  the  earlier  work  and  a  few 
new  facts  which  have  developed  since  the  first  paper  was  written. 
As  all  the  work  has  been  carried  on  under  the  direction  of  Dr. 
Rosa  and  with  the  co-operation  of  other  members  of  the  Bureau 
staff,  it  is  impossible  to  give  proper  credit  to  individuals  for 
the  various  suggestions  which  have  aided  in  advancing  the  work. 
At  the  outset,  therefore  the  author  desires  to  express  his  apprecia- 
tion of  the  double  privilege  of  speaking  before  the  Society  and 
of  presenting  a  work  for  which  he  can  claim  but  a  fraction  of 
the   credit. 

Sperm  Candles  and  the  Unit  of  Candle-Pon-er — In  the  earlier 
papers  mentioned,  nothing  was  said  about  standard  candles,  and 
some  inquiries  have  been  received  regarding  the  relative  value 
of  the  standard  candles  now  on  the  market  and  the  International 
candle,  in  terms  of  which  all  lamps  are  certified  by  the  Bureau 
of  Standards.  The  question  is  of  some  importance  because  of 
the  extensive  use  of  the  standard  sperm  candle  as  a  basis  for 
contracts  and  ordinance  requirements.  Numerous  capable  in- 
^ators  have  pointed  out  the  wide  variation  in  such  candles, 
and  to  be  at  all  valid  any  comparison  with  another  standard  must 
include  observations  on  a  very  large  number  of  candles.  More- 
over, it  is  admitted  that  to  make  the  candles  according  to  speci- 

1  A  paper  presented  at  a  meeting  of  the  Philadelphia  section  of  the  Illuminating  En- 
gineering Society,  April  21.  1911. 
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fications  is  impracticable  if  not  utterly  impossible,  and  there  is 
some  reason  to  believe  that  improved  processes  of  preparing  the 
materials  have  resulted  in  changes  in  the  intensity  since  their 
original  introduction  as  standards. 

In  the  excellent  report  of  the  committee  on  methods  of  tak- 
ing candle-power  of  gas,  submitted  to  the  American  Gas  Institute 
in  1907,  the  situation  is  stated  as  follows  :x  "While  there  is  no 
official  manufacturer  of  the  standard  sperm  candles,  it  is  ex- 
pected by  the  gas  companies  of  this  country  that  these  candles 
shall  be  obtained  from  certain  manufacturers  in  England,  who 
are  believed  to  make  them  as  nearly  as  possible  in  exact  con- 
formity with  the  Notifications  last  issued  by  the  Gas  Referees  in 
1894."  In  connection  with  this,  it  is  interesting  to  note  the 
reply  made  to  a  large  importing  company  by  the  English  firm 
which  supplied  their  candles,  when  a  request  was  made  for  can- 
dles conforming  to  the  referees'  notifications.  "The  reply  stated 
that  the  English  standard  candle  manufacturers  had  endeav- 
ored to  live  up  to  those  requirements  and  had  found  it  im- 
practicable to  do  so;  that  the  candles  had  not  improved  in -uni- 
formity in  consequence  of  the  new  method,  and  that,  in  short, 
the  'by-law  was  a  dead  letter.'  "2 

In  brief,  then,  the  standard  candles  on  the  market  to-day  have 
back  of  them  no  authority  other  than  that  of  the  manufacturers, 
who  admit  that  they  cannot  make  the  candles  according  to 
specifications.  In  view  of  this,  as  well  as  the  wide  variations 
between  different  lots,  it  seems  not  worth  while  to  devote  the 
necessary  amount  of  labor  to  make  a  direct  determination  of  the 
relation  between  the  average  candle  of  the  present  day  and  the 
fixed  unit,  the  International  candle.  However,  when  candles 
were  still  made  under  official  supervision  in  England  and  the 
term  "British  Standard  Candles"  really  meant  what  it  said, 
a  great  deal  of  effort  was  expended  to<  find  a  proper  average 
value  for  such  candles  and  to  maintain  this  true  unit  by  means 
of  more  constant  standards.  The  Gas  Referees  and  the  National 
Physical  Laboratory  agreed  that  this  unit  was  fairly  represented 
by  one-tenth  of  the  intensity  of  their  pentane  lamps,  and  since  1898 
the    unit    of    candle-power  called  "British  Candle"  has  been  main- 

1  Proc.  Am.  Gas.  Inst.,  2,  p.  473, -1907. 
1  Report  cited,  p.  508. 
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tained  by  these  lamps  and  by  electric  standards  calibrated  from 
them.  It  has  been  found  that  some  other  pentane  lamps  differ 
from  the  original  standards,  but  that  does  not  affect  the  unit ; 
it  means  simply  that  these  other  lamps  are  not  strictly  io-cp. 
lamps.  The  International  candle  is  identical  with  this  unit,  and 
is  therefore,  in  England,  the  legally  accepted  average  value  of 
the  old  candle.  The  substitution  of  this  unit  for  the  uncertain 
sperm  candle  as  a  basis  for  legal  obligations  in  this  country  is 
much  to  be  desired. 

Because  of  their  simplicity  and  convenience,  candles  may  well 
continue  to  be  used  for  some  kinds  of  work  where  only  approxi- 
mate results  are  required.  A  few  tests  of  those  now  on  the 
market  have  been  made  at  the  Bureau  under  different  weather 
conditions ;  while  not  enough  observations  have  been  made  to 
draw  final  conclusions,  it  appears  that  atmospheric  conditions 
have  more  influence  on  them  than  on  other  standards.  The 
tentative  formula  proposed  by  the  committee  of  the  American 
Gas  Institute, 

C-p.  =  r-f-  0.0087  ^9-3  —  e) 
where  c  represents  liters  of  water  vapor  per  cubic  meter  of  dry 
air,  appears  to  express  very  closely  the  effect  of  humidity. 
The  factor  0.0087  an(l  the  normal  water  vapor  9.3  have  been 
used  for  this  correction,  and  the  average  corrected  values  for 
different  pairs  of  candles  have  ranged  from  1.94  to  2.10  c-p.,  a 
difference  of  about  8  per  cent.  The  candles  were  obtained  from 
two  sources;  one  lot  varied  from  1.94  to  2.00  c-p.  per  pair,  the 
average  being  1.97:  the  other  lot  ran  from  2.05  to  2.10  with  an 
average  of  2.08.  That  is,  the  unit  derived  from  one  lot  would 
be  5.5  per  cent,  smaller  than  if  based  on  the  other  lot,  and  there 
was  no  apparent  reason  for  considering  one  better  than  the 
other. 

Prof.  Nichols3  has  recently  recalled  the  records  of  variation 
in  flames  secured  by  Sharp  and  Matthews  with  a  sensitive 
bolometric  set-up,  and  for  comparison  (Fig.  1)  it  may  be  of 
interest  to  give  the  history  of  a  pair  of  candles  in  a  test  as  shown 
by  the  photometer  with  an  automatic  recording  device.  A  series 
of  readings  on  a  pentane  lamp  taken  in  a   similar  way  is  also 

1  Trans.  III.  Eng.  Soc,  5,  p.  846.  1910. 
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shown.  The  latter  really  indicates  the  errors  of  observation 
for  such  rapid  readings  rather  than  the  variation  of  the  lamp. 
The  readings  on  the  candles  extended  over  40  minutes ;  settings 
were  made  at  approximately  equal  intervals,  except  when  the 
candles  flickered  perceptibly  as  if  stirred  by  slight  drafts  when 
no  readings  were  taken. 

The  values  plotted  are  corrected  for  moisture,  and  for  sperm 
consumption  by  ten-minute  periods.  This  particular  curve  hap- 
pens to  be  for  some  candles  of  high  intensity.  Almost  all  the 
candles   that   have   been    tested   have    shown    similar    variations. 

The  Kerosene  Standard — As  a  working  standard  the  5-cp. 
kerosene  lamp  is  worthy  of  notice.  Some  difficulty  may  be  met 
in  keeping  the  chimney  perfectly  clean,  and  no  small  degree  of 
skill  and  patience  is  necessary  in  trimming  the  wick  to  get  a 
good  flame ;  but  if  these  two  points  are  carefully  looked  after, 
and  good  oil  is  used,  the  lamp  will  usually  maintain  its  value  con- 
stant within  a  fraction  of  one  per  cent,  through  a  whole  day. 
If  heavy  oil  is  used,  a  redder  flame  is  produced,  and  although 
the  initial  candle-power  is  not  seriously  affected,  a  greater  drop 
is  likely  to  occur  during  the  day. 

Not  only  will  the  lamp  maintain  its  value  during  a  day,  but  the 
experience  of  the  author  leads  him  to  believe  that  it  is  possible 
to  make  it  repeat  day  after  day  with  a  variation  considerably 
smaller  than  that  of  the  candles  which  are  usually  used  for  its 
calibration.  This  reproducibility  of  intensity  can  be  improved  by 
a  slight  modification  in  the  operation  of  the  regular  Elliott  lamp. 
When  the  lamp  is  operated  according  to  the  directions  furnished 
with  it,  the  intensity  varies  rapidly  with  height  of  flame,  the 
candle-power  running  up  as  the  flame  is  turned  higher.  Since 
the  flame  is  seldom  perfectly  straight  along  the  top,  it  is  diffi- 
cult to  tell  when  it  is  at  exactly  the  right  height,  and  consequent- 
ly variations  are  introduced.  It  happens,  however,  that  if  the 
slot  in  the  screen  is  cut  a  little  lower  than  in  the  lamp  as  regular- 
ly furnished,  or  if  the  flame  is  set  more  than  the  specified  quarter 
inch  above  the  top  of  the  slot,  a  certain  height  of  flame  can  be 
found  so  that  the  candle-power  is  a  maximum  and  small  varia- 
tions in  the  height  do  not  make  so  much  difference.  Of  course, 
if  the  lamp  is  to  be  used  as  an  independent  working  standard 


CRITTEXDEN  '.       STUDY    OF     FLAME     STANDARDS  42 1 

without  daily  checking,  one  should  take  at  least  two  or  prefer- 
ably three  settings  of  the  flame  for  each  measurement.  As  an 
illustration  of  the  degree  of  accuracy  which  may  be  obtained 
by  using  the  lamp  in  this  way,  some  measurements  made 
last  summer  in  comparing  oils  are  given  below,  including  only 
those  in  which  the  same  oil  was  used.  The  slots  in  the  screens 
were  of  slightly  different  shapes  and  sizes,  so  that  the  absolute 
candle-powers  have  no  significance. 
TABLE  I.—  Candle-Power  of  Elliott  Kerosene  Standard  Lamps. 

Average  deviation 

No.  of  Aver.  . " '■ Highest         Lowest 

Series  sets  c-p.  C-p.  Per  cent.  c-p.  c-p. 

Lamp  B.  S.  6348. 

I 18  5. II  0.043  0.8  5.23  5.01 

2 II  5-12  0.025  0.5  5.16  5.08 

3 12  5-15  °-°36  0.7  5.20  5.06 

Lamp  B.  S.  6800. 

1 18            4.98            0.038            0.8  5.09  4.90 

2 11             4-99             o-°33             0.7  5.05  4.95 

3 12            5.04            0.044            0.9  5.10  4.94 

Lamp  B.  S.  6966. 

1 15  4-59  0.032  0.7  4.65  4.53 

2 10  4.62  0.030  0.65  4.68  4.57 

3 9  4-59  °-°57  1-2  4-68  4.48 

It  is  noteworthy  that  if  the  candle-power  of  the  individual  lamps 
is  taken  as  determined  by  the  mean  of  the  three  series,  only  two 
single  measurements  out  of  the  116  differed  from  the  mean  for 
the  particular  lamp  by  more  than  2  per  cent. 

The  kerosene  lamp  has  also  the  great  advantages  that  it  is 
very  steady,  is  practically  unaffected  by  any  ordinary  draft,  and 
that  it  can  be  used  in  any  kind  of  weather.  In  fact  many  of  the 
measurements  tabulated  above  were  made  at  times  when  the 
high  temperature  made  satisfactory  work  with  other  flame 
standards  very  difficult.  Moreover,  in  color  it  approaches  the 
ordinary  illuminants.  As  measured  by  the  Ives  colorimeter  the 
values  given  in  Table  II.  have  been  found  for  the  several  stan- 
dards in  terms  of  the  4-watt-per-candle  carbon  lamp,  with  which 
a  flat  coal  gas  flame  is  almost  identical  in  color.  As  another 
method  of  showing  relative  color  values,  there  is  given  in  the 
fifth  column  the  approximate  voltage  at  which  a  given  carbon 
comparison  lamp  has  been  found  to  match  the  various  flames  in 
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color.     In  the  case  of  the  kerosene  lamp  the  color  varies  con- 
siderably with  the  height  of  the  flame. 

TABLE  II.— Color  Values  of  Flame  Standards. 

, Ives  Colorimeter >  Comparison 

Red  Green  Blue  voltage 

4-w.  p.  c.  carbon  lamp 

coal  gas  (flat  flame).  •  ioo  ioo  ioo  107 

Kerosene  standard — 

Light  oil 100  101  102  108 

Heavy  oil 100  96  85  100 

Carcel  lamp 100  94  76  96 

Pentane  lamp 100                  91  68  91 

Candles 100  88  61  87 

Hefner  lamp 100  87.5  59  86 

The  effect  of  water  vapor  on  the  kerosene  lamp  is  practically 
the  same  as  on  the  Hefner  and  the  pentane  lamps.  One  set  of 
measurements  illustrating  this  is  plotted  in  Fig.  2. 

There  are  two  uses  for  which  the  kerosene  standard  is  very 
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Liters  of  Water  Vapor  per  Cubic  Meter  of  Dry  Air 
-Variation  of  candle-power  of  an  Elliott  kerosene  lamp  due  to  moisture. 


well  suited.  One  is  in  tests  where  the  highest  degree  of  accuracy  is 
not  required  and  where  the  results  are  not  likely  to  form  the  basis 
of  controversy;  in  such  cases  a  kerosene  lamp,  previously  cali- 
brated, is  at  least  as  good  as  candles  and  has  the  great  advantage 
over  them  of  requiring  no  attention  during  the  actual  photometric 
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work  The  other  application  is  as  a  comparison  lamp  to  be  left 
unchanged  at  one  end  of  the  photometer  bar,  while  the  real 
standard  and  the  light  to  be  measured  are  alternately  introduced 
at  the  other  end.  The  advantages  of  this  method  of  substitu- 
tion are  too  well  known  to  need  discussion  and  the  kerosene  lamp 
makes  it  easy  to  obtain  all  these  advantages  in  the  ordinary 
photometer  room. 

The  Hefner  Lamp — As  a  working  standard,  the  Hefner  has 
three  defects  which,  in  combination,  almost  prohibit  its  use. 
These  are,  its  unsteadiness,  its  color,  and  its  low  intensity.  Con- 
siderable thought  has  been  given  to  the  problem  of  removing 
these  difficulties  without  losing  the  good  features  of  the  lamp. 
The  flame  can  be  made-  steady  by  using  a  thicker  wick-tube, 
and  Hefner-Alteneck  has  himself  suggested  this  change ;  but 
the  thick  tube  has  a  cooling  effect  which  reduces  the  candle- 
power  and  at  the  same  time  makes  it  necessary  for  the  wick  to 
project  out  of  the  tube,  which  is  very  undesirable.  Other  fuels 
which  might  be  used  were  investigated  rather  thoroughly  by  Hef- 
ner-Alteneck, but  none  better  than  amyl-acetate  was  found.  A  mix- 
ture of  benzol  and  alcohol  has  been  suggested.  It,  however, 
affords  no  advantages.  If  the  proportion  of  benzol  is  small 
(below  16  per  cent.),  the  color  is  better  than  that  of  the  amyl- 
acetate  flame,  but  the  intensity  is  less.  The  addition  of  more 
benzol  increases  the  intensity  somewhat,  and  at  the  same  time 
makes  the  flame  redder.  Both  color  and  intensity  can  be  im- 
proved by  the  use  of  a  chimney ;  but  this  changes  the  character 
of  the  lamp  entirely  and  the  advantages  to  be  gained  do  not  seem 
to  be  sufficient  to  justify  such  a  development. 

In  brief,  the  one  practical  suggestion  of  possible  adaptation 
of  the  Hefner  which  has  resulted  from  the  present  work  is  that 
of  making  it  give  one  International  candle  by  setting  the  flame  at 
a   height   of   45    millimeters. 

In  the  work  previously  reported,  three  lamps  with  Kriiss 
sights  were  measured  at  45  mm.  flame  height  by  putting  a  ring 
5  mm.  thick  beneath  the  base  of  the  regular  sights,  and  values  of 
°-9975>  1 .000  and  1.002  respectively  were  obtained.  Three  lamps 
with  Kriiss  sights  adjusted  to  45  mm.  have  since  been  sent  to 
the   Bureau   by   a   German   maker.     Not   enough   measurements 
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have  been  made  on  them  to  give  them  reliable  values,  but  the 
means  of  the  ten  measurements  made  give  1.002,  1.003  and 
1.005  International  candles  as  respective  values  for  the  lamps. 
In  this  connection  it  may  be  said  that  some  difficulty  is  ex- 
perienced in  obtaining  amyl-acetate  which  will  exactly  meet  the 
requirements  of  precise  testing.  Of  five  lots  purchased,  all 
passed  all  tests  except  the  specification  that  90  per  cent,  shall  dis- 
till over  between  137°  and  1430  C,  but  only  one  lot  fulfilled  this 
requirement.  The  photogenic  values,  however,  apparently  differ 
by  not  more  than  one  per  cent. 

The  Pcntane  Lamp  as  a  Secondary  Standard. — The  results  al- 
ready published  have  indicated  that  for  a  working  standard  a 
calibrated  pentane  lamp  is  probably  the  most  reliable  of  flame 
standards.  The  variations  from  time  to  time  of  an  individual 
lamp  properly  used  are  such  as  may  be  safely  neglected  when 
the  lights  to  be  measured  are  flames ;  and  if  the  actual  intensity 
is  desired,  corrections  for  moisture  and  barometric  pressure  can 
be  made. 

It  appears  possible  that  temperature  might  be  a  third  cause  of 
variation,  especially  because  the  proportions  of  air  and  pentane 
vapor  fed  to  the  flame  certainly  do  depend  somewhat  upon  the 
room  temperature.  Mr.  Walter  Grafton1  of  London  made  a  long 
series  of  measurements  on  gas.  using  a  pentane  lamp  on  which 
the  saturator  was  kept  at  fixed  temperatures  in  a  water-bath. 
The  values  found  for  the  gas  showed  that  when  the  saturator 
was  kept  at  520  F.  the  candle-power  of  the  standard  was  over 
3  per  cent,  higher  than  when  the  saturator  was  at  92  °  F.  Probably 
a  large  part  of  this  variation  was  due  to  the  cooling  of  the  lamp 
standard,  which  would  affect  the  air  supply.  It  is  true  that 
cooling  the  saturator  alone  below  io°  C.  (500  F.)  does  in- 
crease the  intensity  by  more  than  1  per  cent.,  at  the  same  time 
making  the  flame  whiter,  as  would  be  expected  since  the  pro- 
portion of  air  in  the  vapor  is  larger;  but  the  greater  part  of 
this  change  occurs  below  150  C.  Such  experiments  have  not 
much  bearing  on  the  question,  because  the  temperature  in  the 
laboratory  or  testing  room  is  not  likely  to  be  below  150  C,  and 
even  if  the  room  is  cool  the  saturator  on  the  lamp  is  warm.  It 
is  more  to  the  point,  therefore,  to  consider  measurements  made 

lJourn.  of  Gas  Ltg.,  82,  p.  771,  IQ03- 
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with  the  lamp  in  normal  condition.  The  determination  of  a  tem- 
perature correction  would  be  somewhat  complicated  by  the  fact 
that  large  changes  of  temperature  are  usually  accompanied  by 
variations  of  water  vapor  in  the  air,  and  the  so-called  humidity 
correction  might  really  represent  the  combined  effect  of  moisture 
and  temperature  change.  That  this  is  not  true,  however,  is  in- 
dicated by  the  fact  that  the  humidity  corrections  determined  for 
a  number  of  lamps  are  the  same,  although  the  range  of  tem- 
perature during  the  observations  was  in  some  cases  fifteen  Cen- 
tigrade degrees  and  in  others  only  three  degrees.  The  candle- 
power  values  corrected  for  the  barometer  and  humidity  seem 
to  be  entirely  independent  of  temperature  variation  within  the 
laboratory  range. 

Another  possible  source  of  trouble  is  the  fuel.  In  the  earlier 
report  considerable  emphasis  was  placed  on  the  effects  of  frac- 
tionation in  the  saturator.  It  is  impracticable  to  keep  the  pen- 
tane  in  the  lamp  within  the  limits  of  density  prescribed  for  fresh 
pentane,  that  is  0.6235  to  0.626 :  the  practice  adopted  has  been 
not  to  use  pentane  after  its  density  reaches  0.635.  The  change 
in  intensity  of  the  flame  caused  by  the  fractionation  of  the  fuel 
depends  considerably  on  the  purity  of  the  original  supply,  for 
as  the  process  goes  on  the  heavier  impurities  become  concen- 
trated, the  boiling-point  of  the  mixture  rises  rather  rapidly, 
and  more  and  more  of  the  impurities  are  carried  over  to  the 
flame.  So  far  as  practical  testing  is  concerned,  however,  no 
alarm  need  be  felt  over  this  difficulty,  for  if  ordinary  care  is 
exercised  in  avoiding  the  collection  of  residues  in  the  saturator 
the  changes  arising  from  fractionation  are  considerably  less 
than  one  per  cent.  In  fact,  the  variations  caused  by  poor  pen- 
tane are  smaller  than  might  be  expected.  The  worst  sample  that 
has  come  to  the  Bureau  had  a  density  of  0.641  and  the  chemi- 
cal test  showed  the  presence  of  considerable  quantities  of  im- 
purities, yet  the  candle-power  produced  was  only  1.25  per  cent. 
too  high.  Two  other  factors  which  may  cause  variation  in  a 
given  lamp  should  be  mentioned.  First,  drafts :  the  photometer 
1  must  be  well  ventilated,  but  no  direct  drafts  should  reach 
the  lamp.  It  is  not  sufficient  to  ensure  that  the  drafts  do  not  dis- 
turb the  flame ;  the  effect  on  other  parts  of  the  lamp  may  be 
appreciable  in  wavs  to  be  discussed  later.     The  second  factor  is 
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the  gauge  for  setting  the  chimney :  this  should  be  checked  from 
time  to  time.  Some  gauges  have  been  found  to  shrink  more 
than  one  per  cent.,  involving  the  same  percentage  change  in 
candle-power,  and  most  of  them  change  somewhat  with  rime. 
The  practice  of  making  them  of  wood  or  fiber  is  bad ;  metal 
should  be  used. 

Differences  Betzveen  Pentane  Lamps — The  variations  which 
have  been  mentioned  are  those  which  have  to  be  considered  in 
using  the  pentane  lamp  as  a  working  standard,  after  calibration. 
There  is  another  class  of  variations  which  do  not  affect  such  use 
of  the  lamp,  but  which  are  vitally  important  if  the  lamp  is  to 
be  considered  as  a  primary  standard.  These  are  the  differences 
between  different  lamps  burning  under  the  same  conditions.  In 
the  former  paper  this  difference  was  shown  to  be  as  great  as  2.5 
per  cent,  between  certain  English  lamps,  while  American  lamps 
showed  similar  variations,  most  of  them-  running  low. 

It  has  been  pointed  out  that  the  specifications  are  not  strict 
enough  in  regard  to  the  dimensions  of  the  burner  openings  which 
supply  the  vapor  to  the  flame.  Of  the  three  English  lamps 
tested  all  fulfill  the  specifications  in  this  respect,  and  all  have 
the  individual  holes  about  the  same  size  (1.35  mm.  in  diameter), 
but  in  the  one  which  gave  the  low  candle-power  the  diameter  of 
the  circle  of  holes  was  2  per  cent,  smaller  than  in  others.  This 
was  thought  to  be  a  possible  explanation  of  the  low  value,  but 
it  has  since  been  found  that  the  effect  on  the  candle-power  does 
not  exceed  0.5  per  cent.  A  series  of  interchangeable  burners, 
in  which  the  variations  were  made  even  greater  than  the  specifica- 
tions permit,  have  been  tested.  In  these  the  outer  diameter  of 
the  circle  of  holes  varies  by  4  per  cent,  and  the  different  burners 
have  holes  ranging  from  1.1  mm.  to  1.5  mm.  in  diameter.  The 
combined  effect  of  variation  in  holes  and  in  size  of  circle  is 
only  about  one  per  cent,  in  candle-power.  The  reason  that  this 
effect  is  so  small  is  probably  to  be  found  in  the  fact  that  the 
pressure  on  the  vapor  is  very  small,  and  the  flow  from  the  holes 
is  so  gentle  that  the  vapor  spreads  so  as  to  cover  the  whole  top 
of  the  burner.  Consequently  the  size  of  the  flame  is  determined 
more  by  the  size  and  shape  of  the  top  of  the  burner  than  by 
the  dimensions  and  location  of  the  holes  in  it.     Still   a   closer 
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specification   of  the   latter    would    remove    a   source   of    small 
differences  between  lamps. 

A  far  more  serious  cause  of  difference,  and  the  one  to  which 
the  low  values  of  American  lamps  is  largely  due,  is  suggested 
by  a  study  of  the  heating  curves  of  the  various  lamps.1  The 
longer  time  required  for  the  American  lamps  to  reach  a  steady 
condition  is  not  satisfactorily  explained  by  their  heavier  con- 
struction. Moreover,  the  form  of  the  curves  indicates  the  pres- 
ence of  two  opposing  influences,  one  tending  to  make  the  candle- 
power  high,  and  the  other,  which  becomes  effective  a  little  iater, 
tending  to  lower  the  candle-power.  In  the  American  lamp  this 
second  effect  is  greater  than  in  the  English  form.  These  two 
opposing  influences  are  simply  the  temperatures  of  the  two  col- 
umns which  constitute  the  circulatory  air  system  of  the  lamp. 
The  chimney  becomes  hot  first  and  a  vigorous  circulation  is  set 
up,  making  a  strong  draft  up  through  the  burner  and  thus 
broadening  the  flame.  As  the  lamp  standard,  through  which 
the  air  flows  down,  becomes  warmer,  the  temperature  difference 
of  the  two  columns  is  less  ;  the  circulation  is  less  vigorous,  and 
the  flame  becomes  slightly  narrower. 

Beneath  the  saturator  is  a  flat  radiating  plate,  which  in  the 
English  lamp  is  brazed  to  the  standard  and  serves  to  conduct 
heat  away,  thus  keeping  down  the  temperature  of  the  down- 
flowing  air.  In  the  American  lamps  this  plate  has  been  con- 
sidered primarily  as  a  support  for  the  saturator,  and  is  con- 
nected to  the  standard  only  by  two  bands.  It  therefore  fails 
to  function  properly  as  a  radiator  of  heat ;  the  standard  becomes 
hot,  the  air  flow  is  decreased,  and  the  candle-power  is  lowered. 
The  substitution  of  a  brazed  plate  for  the  loose  one  increases 
the  candle-power  by  about  one  per  cent.,  while  freeing  the  plate 
from  the  standard,  even  without  removing  it  entirely  from  the 
lamp,  causes  a  reduction  of  over  one  per  cent.  In  the  experi- 
ments performed,  the  same  American  lamps  gave  9.63  candles 
when  the  plate  was  not  in  contact  with  the  standard  and  9.75 
in  the  regular  condition.  This  suggests  the  possibility  of  an  ap- 
preciable variation  being  introduced  by  accidental  change  of  the 
contact  between  the  plate  and  the  standard.     For  this  reason  as 

1  Trans.  111.  Eng.  Soc,  5,  p.  764,  1910. 
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well  as  to  bring-  the  lamps  nearer  to  10  candle-power,  the  brazed 
plate  should  be  used. 

Another  detail  of  construction  which  makes  about  I  per  cent, 
difference  in  the  same  way  is  the  connection  between  the  bottom 
of  the  chimney  and  the  standard.  This  should  be  of  non-con- 
ducting material,  but  in  the  American  lamps  it  has  been  made 
of  metal,  which  conducts  heat  across  to  the  standard  and  thereby 
reduces  the  candle-power.  When  these  two  faults  of  construc- 
tion are  remedied,  the  American  lamp  will  give  very  close  to 
io  candle-power  and  will  reach  a  steady  state  in  about  20 
minutes  after  lighting. 

By  interchanging  parts  so  far  as  possible,  evidence  has  been 
obtained  that  the  discrepancy  between  the  English  lamps  studied 
is  largely  due  to  some  difference  in  the  air  system,  but,  un- 
fortunately for  this  work,  the  lamps  are  not  intended  to  be  taken 
apart  and  the  parts  are  not  interchangeable  in  general.  Con- 
sequently the  exact  cause  of  the  difference  has  not  been  found. 

The  candle-power  of  a  pentane  lamp  can  be  appreciably  in- 
creased by  any  method  of  cooling  the  standard.  Even  the  intro- 
duction of  a  screen  to  cut  off  the  radiation  of  heat  from  the 
flame  to  the  standard  makes  a  perceptible  difference,  and  drafts 
of  air  blowing  over  the  lamp  probably  produce  more  effect 
through  the  disturbance  of  temperature  conditions  than  by  dis- 
turbing the  flame  directly.  Precautions  should  therefore  be  taken 
to  obtain  a  gentle  and  regular  flow  of  air  past  the  lamp  when 
it  is  in  use. 

It  has  been  said  that  the  modified  American  lamps  will  give 
practically  10  candle-power,  although  the  best  English  lamps  that 
the  Bureau  has  been  able  to  obtain  have  had  a  value  of  only  9.92 
candle-power,  as  determined  by  the  National  Physical  Laboratory 
of  Great  Britain,  and  slightly  below  9.9  as  measured  here,  for  there 
is  one  feature,  which  tends  to  make  the  American  lamp  higher 
in  candle-power.  This  is  the  method  of  supporting  the  inner 
chimney.  The  chimney  is  set,  when  cold,  47  mm.  above  the 
burner,  but  the  expansion  on  heating  reduces  the  height.  Since 
the  chimney  is  supported  near  the  bottom  in  the  American  lamp 
and  at  the  top  in  the  English,  the  reduction  in  height  is  less 
in  the  former  tvpe.  The  actual  height  when  the  lamps  are 
burning  has  been  found  to  be  46.7  mm.  in  one  American  lamp. 
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and  45.9,  45.8  and  45.7  mm.,  respectively,  in  three  English  lamps. 
Incidentally,  these  variations  suggest  that  if  the  lamp  is  to  be 
a  primary  standard,  some  better  method  of  fixing  the  height  is 
desirable. 

A  New  Form  of  Pentane  Lamp. — The  Harcourt  pentane  lamp 
was  developed  to  meet  the  requirements  of  gas  testing  and  has 
met  with  deserved  success  in  that  work,  but  it  cannot  be  con- 
sidered a  good  primary  standard.  The  fact  that  British  makers 
do  not  succeed  in  reproducing  the  10-cp.  lamp  is  prima  facie 
evidence  of  vital  weakness  in  this  respect,  and  has  led  the  elec- 
trical interests  of  Great  Britain  to  take  one  particular  lamp  at 
the  National  Physical  Laboratory  as  the  standard. 

The  apparatus  which  serves  to  realize  a  fundamental  unit  of 
any  kind  should  be  made  up  of  standardized,  reproducible  and 
interchangeable  parts.  It  is  possible  to  make  lamps  similar  to 
the  regular  Harcourt  type,  or  the  American  form,  which  would 
meet  this  requirement,  but  at  best  the  two  essential  factors,  the 
fuel  and  the  air  supply,  are  largely  beyond  control  in  such  lamps. 
The  variation  in  the  composition  of  the  vaporized  fuel  with  tem- 
perature of  the  room  has  been  mentioned  above.  This  diffi- 
culty is  largely  theoretical,  for  in  practice  the  effect  is  really 
negligible,  especially  as  the  temperature  of  operation  might  well 
be  defined  for  a  primary  standard.  The  air  circulation,  on  the 
Other  hand,  presents  very  serious  practical  difficulties,  since 
it  is  so  sensitive  to  temperature  variations  in  the  lamp,  which 
in  turn  may  arise   from  conditions  that  are  difficult  to  control. 

It  lias  therefore  seemed  worth  while  to  develop  a  lamp  in 
which  the  fuel  and  the  air  supply  may  be  entirely  under  the  con- 
trol of  the  operator.  Instead  of  depending  on  the  supply  of 
heat  from  the  flame,  electric  heating  has  been  used  to  vaporize 
the  pentane  and  to  set  up  the  draft  through  the  burner.  Inci- 
dentally, this  allows  the  design  to  be  made  much  more  compact 
and  symmetrical.  The  lamp  is  in  the  experimental  stage  as  yet, 
but  in  some  respects  it  appears  so  promising  that  it  may  be  well 
to  set  forth  the  ideas  on  which  it  is  based,  and  some  of  the 
difficulties  to  be  met. 

The  pentane  is  placed  in  a  closed  reservoir  beneath  the  burner, 

with    an    in-ulating   coating    so    that    the   heat    for   evaporation 

1 'plied  almost  entirely  by  a  coil  of  wire  of  known  resistance 
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through  which  a  measured  current  is  sent.  This  coil  is  placed 
above  the  liquid,  being  wound  over  a  wick  which  reaches  down 
into  the  pentane.  This  arrangement  seems  to  produce  steadier 
evaporation  and  possibly  less  fractionation  than  a  coil  immersed 
in  the  pentane.  An  auxiliary  coil  serves  to  warm  the  liquid  when 
starting.  The  closed  and  insulated  reservoir,  besides  furnishing 
a  vapor  always  free  from  air,  has  the  advantage  that  in  the 
temperature  and  the  energy  necessary  to  vaporize  the  required 
amount  of  fuel  one  has  constantly  two  checks  on  the  quality 
of  the  pentane,  and  the  range  of  density  to  be  used  can  be  fixed 
as  closely  as  one  chooses.  In  one  lamp  for  example,  starting  with 
the  regular  quantity  of  pentane  (about  one-sixth  of  a  gallon),  of 
density  0.625  and  of  very  good  quality,  the  temperature  of  the 
vapor  necessary  to  make  the  flame  the  proper  height  is  about 
26°  C.  For  two  hours  the  rise  is  very  slow,  amounting  in  all 
to  20,  while  the  power  supplied  has  to  be  increased  only  about  2 
per  cent.  In  another  two  hours  the  rise  of  temperature  will 
be  between  30  and  40,  and  the  rate  of  energy  supply  must  be 
increased  by  8  per  cent.  more.  In  the  four  hours,  the  density 
of  the  liquid  rises  to  about  0.635.  During  a  third  period  of  two 
hours  the  density  increases  more  rapidly,  the  temperature  of  the 
vapor  rises  some  6°,  and  the  heat  of  vaporization  runs  up  about 
15  per  cent.  This  accelerated  rate  of  change  is  largely  due, 
of  course,  to  the  decrease  in  the  quantity  of  liquid  in  the  reser- 
voir, since  the  six  hours  burning  consumes  at  least  two-thirds 
of  the  original  supply.  If  there  is  a  change  of  candle-power 
accompanying  this  amount  of  change  in  the  fuel  when  good 
pentane  is  used,  it  is  so  small  that  it  has  not  been  detected. 

Although  the  above  method  of  supplying  fuel  to  the  burner 
has  advantages,  it  presents  a  difficulty  which  as  yet  more  than 
counterbalances  them.  This  is  that  the  feed  is  not  as  steady 
as  that  furnished  by  the  gravity  flow  of  the  Harcourt  lamp  in 
which  both  ends  of  the  system  are  open  to  the  atmosphere. 
With  the  closed  reservoir,  the  supply  of  vapor  is  apparently 
made  irregular  by  two  kinds  of  disturbances :  first,  mechanical 
jar  causes  a  variation  of  the  rate  of  evaporation ;  second,  the 
excess  of  the  pressure  in  the  reservoir  over  that  of  the  atmos- 
phere is  exceedingly  small,  so  that  the  fluctuations  which  occur 
in  the  air  pressure  are  large  compared  to  the  differential  pres- 
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sure.  To  remedy  these  troubles  the  reservoir  must  be  able  to 
equalize  pressures  readily  with  the  outside  without  much  change 
in  the  flow  of  vapor  through  the  burner.  Several  devices  are 
available,  the  simplest  being  an  open  tube  on  the  reservoir.  No 
pentane  need  escape  through  it,  for  because  of  its  high  density 
the  vapor  will  not  rise  far.  Another  plan  is  to  have  at  any  one 
time  only  a  small  volume  of  gas  beneath  the  burner,  which  can 
be  attained  either  by  making  the  reservoir  small,  or  by  provid- 
ing a  chamber  beneath  the  burner  into  which  fuel  is  fed  through 
a  small  opening  from  the  main  reservoir.  The  latter  may  then 
be  at  relatively  high  pressure.  A  number  of  modifications  have 
been  tried,  but  so  far  nothing  equal  in  steadiness  to  the  old 
gravity  feed  has  been  found.  Fortunately,  as  has  been  men- 
tioned above,  the  objections  to  that  method  of  fuel  supply  are 
based  more  on  what  might  happen  than  on  what  does.  The 
reliability  of  the  lamp  would  not  really  be  much  improved  by 
changing  the  method  of  feeding  the  flame. 

The  air  system  of  the  Harcourt  lamp  is  more  objectionable. 
It  is  certain  that  in  it  lies  one  of  the  greatest  obstacles  to 
reproducibility.  It  is  therefore  especially  gratifying  that  in  the 
experiments  so  far  made,  the  method  of  electrical  control  of  the 
air  has  proven  markedly  successful.  A  short  vertical  tube 
jacketed  outside,  and  with  a  heating  coil  inside,  is  connected 
by  two  45  degree  joints  into  the  side  of  the  burner  chamber 
and  thence  up  through  to  the  center  of  the  burner.  The  strength 
of  the  draft  up  through  the  burner  is  then  readily  varied  through 
wide  limits  by  regulating  the  supply  of  energy  to  the  heating 
coil.  A  stronger  draft  causes  a  broadening  of  the  cone  of  the 
flame,  with  a  corresponding  rise  in  candle-power.  The  practi- 
cal limit  is  fixed  by  the  decreasing  steadiness  of  the  flame  as  the 
diaft  becomes  too  vigorous.  The  question  now  is  to  determine 
the  best  device  for  fuel  supply  to  accompany  the  electrical 
regulation  of  the  air.  It  will  then  remain  to  draw  exact  speci- 
fication?, to  determine  how  well  one  lamp  can  be  made  to  repeat 
its  values  under  specified  conditions,  and  especially  how  closely 
a  number  of  similar  lamps  will  agree.  It  is  hoped  that  in  course 
of  time  a  real  primary  standard  can  be  developed  which  may 
afford  a  valuable  check  on  the  unit  of  light  as  maintained  by 
the  present  excellent  electric  standards.     The  new  form  of  lamp 
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is,  of  course,  not  intended  to  displace  the  Harcourt  lamp  as  a 
working  standard.  The  Bureau  of  Standards  will  continue  its 
efforts  to  acquire  information  which  may  help  in  improving  the 
construction  and  the  use  of  that  lamp,  which,  as  was  said  be- 
fore, seems  to  be,  when  calibrated,  the  most  reliable  and  practi- 
cal of  flame  standards. 

It  was  stated  in  the  beginning  that  this  paper  is  based  on  co- 
operative work.  The  paper  would  be  incomplete  without  an  ex- 
pression of  the  author's  obligations  especially  to  Dr.  Rosa  and 
to  Mr.  A.  H.  Taylor,  who  have  assisted  throughout  the  work. 
He  is  also  indebted  to  Mr.  R.  S.  McBride  for  preparation  and 
testing  of  fuels,  and  to  Mr.  G.  J.  Schladt  for  assistance  in  the 
later  part  of  the  investigation. 

DISCUSSION. 

IV.  />.  Serrill : — What  should  be  the  practice  of  a  small  or  medi- 
um-sized gas  company  in  determining  candle-power.  In  these  days 
of  commissions,  it  is  often  of  more  or  less  importance  to  de- 
termine with  accuracy  the  candle-power  of  the  gas.  Mr.  Crit- 
tenden has  shown,  that  compared  with  candles,  readings  taken 
from  the  pentane  lamp  give  more  accurate  results.  Suppose  a 
small  company  were  to  use  a  pentane  lamp,  say  for  two  or  three 
years,  without  checking  it  during  that  time;  would  it  be  apt  to 
get  as  accurate  results  as  with  the  candles,  or  would  the  value 
of  the  lamp  be  apt  to  change  widely? 

Mr.  Crittenden  : — From  experience  I  should  say  that  if  it  is 
handled  with  reasonable  care,  a  lamp  once  standardized  is  not 
likely  to  change  to  any  such  extent  as  different  lots  of  candles 
will  differ.  AVith  a  lamp  of  the  present  American  type,  a  slight 
accident  might  vary  the  contact  of  the  radiating  plate'  with  the 
standard,  and  a  difference  of  one  or  two  per  cent,  might  result. 
For  this  reason  the  plate  should  be  permanently  and  securely 
fastened.  There  is,  of  course,  the  possibility  of  variation  caused 
by  the  finish  of  the  lamp,  which  would  cause  the  temperature 
relations  to  vary  somewhat.  In  fact,  Professor  Paterson  of  Eng- 
land has  made  a  definite  statement  that  the  lamps  gradually 
change  during  the  first  few  months  of  use,  and  increase  as  much 
as  0.7  per  cent,  in  value.  The  London  Gas  Referees  who  have 
pursued  similar  lines  of  investigation  have  not  found  any  such 
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change.  I  am  of  the  opinion  that  a  pentane  lamp  once  stan- 
dardized and  properly  used,  under  conditions  similar  to  those  in 
which  it  was  standardized,  should  not  show  any  change  approach- 
ing i  per  cent.  Some  difference  must  be  expected,  however, 
in  the  values  obtained  by  various  laboratories,  because  it  is  difficult 
to  reproduce  conditions  exactly.  Between  the  two  lots  of  candles 
mentioned,  there  was  a  difference  of  as  much  as  5  per  cent.  Cer- 
tainly one  would  not  get  any  such  change  as  that  with  a  pentane 
lamp. 

As  to  the  advisability  of  a  small  gas  company  buying  a  pentane 
lamp;  that  would  depend  upon  circumstances.  As  a  matter  of 
general  principle,  in  order  to  avoid  controversy,  where  differ- 
ences of  opinion  regarding  candle-power  might  arise,  I  suppose 
it  would  be  well  to  do  so. 

Geo.  S.  Barrows: — I  should  like  to  ask  Mr.  Crittenden  whether 
a  correction  could  be  made  which  would  do  away  with  the  peak 
of  the  curve  which  he  exhibited,  if  a  thermometer  were  placed 
in  the  annular  space  in  the  rising  current  of  air  and  another 
thermometer  in  the  descending  current  of  air  and  the  difference 
in  readings  noted. 

Mr.  Crittenden  : — It  is  not  practicable,  I  believe,  to  do  that, 
though  it  may  be  possible.  The  temperature  curves  show  that 
the  lamp  does  not  attain  exact  temperature  equilibrium  in  less 
than  one  hour.  In  lamps  with  radiating  plates  brazed  on.  the 
flame,  however,  reached  a  constant  value  within  twenty  minutes. 
Ordinarily  it  is  good  practice  to  wait  until  the  lamp  has  reached 
this  constant  condition. 

Mr.  C.  O.  Bond: — I  wish  to  ask,  in  reference  to  the  state- 
ment that  Mr.  Crittenden  attributed  to  Mr.  Paterson,  that  pen- 
tane lamps  in  use  for  fifteen  months  increase  in  value  0.7  per 
cent.,  whether  the  change  is  due  to  the  fact  that  the  chimney  is 
supported  from  the  top  and  the  heat  being  maintained  in  the 
standard  for  a  considerable  length  of  time :  and  whether  the 
chimney  does  not  after  a  while  acquire  a  permanent  "set'" : 

One  other  point :  would  not  the  variation  in  value  of  pentane 
lamps  be  partially  accounted  for  by  the  fact  that  their  castings 
are  not  all  of  the  same  construction? 

Mr.  Crittenden  also  mentioned  that  one  of  three  English  lamps 
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showed  a  difference  due  to  air  variation.  I  know  that  in  the 
American  lamps,  the  interior  of  the  casting  was  not  always  as 
smooth  as  it  should  be.  Differences  in  air  flow  might  be 
caused  by  unequal  internal  friction. 

Mr.  Crittenden: — I  am  sure  Mr.  Bond's  idea  is  an  ingenious 
one;  that  of  a  permanent  "set"  of  the  chimney,  which  would 
mean  less  expansion  in  an  old  chimney.  However,  nobody  else 
has  found  the  change  that  Paterson  mentions. 

As  to  the  suggestion  in  regard  to  the  bottom  of  the  burner, 
I  think  this  variation  of  castings  is  just  the  basis  of  the  whole 
difficulty.  The  lamps  should  be  made  interchangeable,  and  those 
parts  should  not  be  irregular  in  size. 

Mr.  Barrows: — It  seems  to  me  possible  that  the  surface  of  the 
inner  chimney  directly  over  the  lamp,  being  heated  as  constantly 
as  it  is,  would  become  more  or  less  affected  by  the  products  of 
combustion.  The  descending  flue  will  probably  not  become  affect- 
ed very  rapidly,  but  possibly  the  radiating  value  of  the  inner 
chimney  above  the  flame  will  be  materially  affected  by  the  ma- 
terial of  the  surface.  If  the  surface  were  of  porcelain,  or  glass, 
or  something  of  that  sort,  one  might  get  more  constant  results. 

Mr.  Bond : — I  am  glad  that  Mr.  Barrows  raised  that  point. 
I  remember  talking  with  Dr.  Harcourt  about  that  very  point, 
and  in  examining  some  of  these  lamps  in  a  laboratory  we  found 
that  the  outer  painted  surface  of  the  inner  chimney  peeled  off 
and  left  a  bright  metallic  surface,  which  might  make  a  differ- 
ence in  value.  Dr.  Harcourt  stated  that  the  effect  of  a  stand- 
tube  which  had  become  polished  through  much  handling  was 
considerable.  He  said  that  the  constant  radiating  quality  of 
this  tube  was  an  important  factor  in  constancy  of  the  standard. 

Mr.  Crittenden : — Have  you  experimented  at  all  in  that  direc- 
tion ;  have  you  tried  the  effect  of  blackening  the  inner  chimney 
from  which  the  paint  had  peeled,  for  instance? 

Mr.  Bond: — I  will  refer  that  to  Mr.  Kelley. 

Mr.  J.  P.  Kelley: — The  effect  on  the  candle-power  when  two 
flame  standards  were  opposed,  was  not  noticeable ;  but  I  think 
that  this  point  should  be  verified  in  a  test  where  very  accurate 
control  is  possible,  as  at  the  Bureau  of  Standards. 

Mr.  Crittenden : — We  have  had  some  experience  in  that  line 
arising  from   the   fact   that   some  makers   have  used  very  poor 
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paint.  In  two  lamps  sent  to  us  which  had  never  been  lighted, 
all  the  black  paint  came  off  the  inner  chimney  as  soon  as  the 
lamps  were  lighted,  and  we  took  the  opportunity  to  study  the 
effect.  YYe  were  not  able  to  find  any  difference  by  having  the 
inner  chimney  either  bright  or  black.  The  reason  is,  probably, 
that  the  heat  was  transferred  from  the  inner  chimney  to  the  air 
around  it,  not  so  much  by  radiation  as  by  conduction,  in  which 
the  character  of  the  surface  is  less  important.  With  the  outer 
chimney  polished,  the  lamps  appear  to  give  a  slightly  higher 
value. 

Mr.  Scrrill : — Mr.  Crittenden  has  shown  that  some  very  good 
results  can  be  obtained  with  the  Elliott  kerosene  standard ;  can 
it  be  depended  upon  with  reasonable  accuracy  by  a  small  gas 
works?     How  does  the  cost  compare  with  other  standards? 

Mr.  Crittenden  : — It  costs  $25.00,  and  the  pentane  lamp  costs 
from  S75  to  $80.  Moreover,  the  kerosene  lamp  is  less  expen- 
sive to  maintain,  and  can  be  used  in  all  sorts  of  climates ;  for 
instance,  in  the  South,  where  a  pentane  lamp  could  not  well  be 
used  on  account  of  the  high  temperature.  The  kerosene  standard 
is  suitable  for  tests  which  are  made  for  information,  and  not  as 
a  basis  for  contracts.  If  care  is  exercised  in  the  trimming  of 
the  wick,  one  can  secure  fairly  consistent  values  from  day  to 
day. 

Mr.  Kelley : — I  should  like  to  ask  if  it  makes  any  difference 
whether  a  rubber  tube  or  a  metal  tube  is  used  in  the  American 
lamp? 

.1/;-.  Crittenden  : — We  have  not  changed  on  the  same  lamp  from 
the  rubber  to  the  metal  tube,  but  I  do  not  know  of  any  reason 
why  it  should  make  any  difference.  There  are  at  least  four 
ways  in  which  the  lamp  may  be  regulated.  According  to  the 
directions  of  the  Gas  Refereees  in  London,  the  flame  should  be 
set  by  varying  the  opening  at  the  inlet  of  the  saturator.  This 
cock  controls  the  air.  Another  way  is  to  regulate  by  the  cock  at 
the  outlet  of  the  saturator.  Still  another  way,  is  by  having  a 
pinch-cock  on  the  rubber  tube,  and  this  is  the  method  we  have 
followed  oftener  than  any  other.  Another  way  is  by  putting 
a  tube  on  the  saturator  inlet,  and  a  pinch-cock  on  that.  Of 
these  four  ways  of  regulating  the  lamp,  it  apparently  makes  no 
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difference  which  one  is  used.  It  would  seem  then  that  it  does 
not  matter  whether  a  rubber  tube  or  a  metal  tube  is  used,  pro- 
vided that  the  rubber  be  saturated  with  pentane  and  the  metal 
tube  be  large  enough  to  allow  as  free  a  flow  as  the  rubber,  and 
warm  enough  to  prevent  condensation. 

Mr.  Bond: — I  would  like  to  ask  if  it  would  not  be  feasible 
to  construct  a  pentane  lamp  of  say  5  candle-power  in  value,  to 
be  otherwise  similar  in  appearance  to  the  larger  10-cp.  lamp, 
only  more  portable? 

Mr.  Crittenden  : — I  see  no  reason  why  it  could  not  be  done. 
There  might  also  be  some  advantage  in  reducing  the  size  of  the 
flame,  which  would  make  it  easier  to  maintain  constant. 

I  neglected  to  call  attention  to  the  ingenious  scheme  used 
by  Harcourt  for  getting  constant  values  and  reducing  personal 
error  in  setting  the  flame.  The  greater  part  of  the  light  is 
furnished  by  the  upper  two-thirds  of  the  flame.  If  the  flame  is 
turned  higher,  there  will  be  less  light  from  the  lower  portion, 
while  on  the  other  hand  the  more  luminous  upper  part  becomes 
a  little  broader.  Therefore,  over  a  considerable  range  in  the 
height  of  flame,  there  is  very  little  change  in  candle-power.  In 
standardization  an  attempt  is  made  to  set  the  flame  at  the  height 
which  gives  the  maximum  value. 
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THE  PSYCHOLOGY  OF  LIGHT. 


BY   PROF.   R.    S.    WOODWORTH. 


In  a  strictly  logical  division  of  the  science  of  light,  what  con- 
cerns the  purely  objective  processes  would  be  assigned  to  physics, 
to  physiology  whatever  concerns  the  action  of  the  retina  and  its 
nervous  connections,  and  to  psychology  the  sensations  of  light 
and  the  utilization  of  light  in  perceptions  and  various  other  men- 
tal performances.  Any  such  division  of  the  field  is,  however, 
artificial ;  for  the  physicist  and  physiologist  have  to  approach  their 
objects  of  study  through  the  medium  of  sensations  and  percep- 
tions, and  they  have  accordingly  been  among  the  foremost  con- 
tributors to  what  is  theoretically  the  psychology  of  the  subject. 
Moreover,  the  psychologist  gains  nothing  by  attempting  to  keep 
his  treatment  purely  psychological ;  for  what  one  wants  to  know 
is  facts  in  their  relations  rather  than  facts  in  isolation.  Conse- 
quently the  psychology  of  light,  as  it  is  usually  presented,  con- 
tains much  that  might  equally  well  be  brought  forward  by  the 
physicist  or,  especially,  by  the  physiologist. 

It  may  be  said,  however,  that  the  psychologist  starts,  by  prefer- 
ence, where  the  others  start  from  necessity — namely,  from  sen- 
sations and  perceptions  of  light.  Suppose  that,  without  know- 
ing anything  of  the  physics  of  light,  one  has  at  his  disposal 
an  abundance  of  bright,  dark  and  colored  objects  of  every  shade 
and  hue,  and  preferably  of  the  same  sort  of  material,  such  as 
paper  or  silk.  The  observer  of  such  a  collection  of  objects  not 
only  sees  a  great  variety  of  colors,  but  he  easily  notes  degrees 
of  resemblance  among  them,  and  is  able  to  divide  them  into 
groups,  or,  still  better,  to  arrange  them  in  series.  Thus  he  can 
arrange  a  graded  series  running  from  white  through  light  and 
dark  gray  to  black ;  and.  though  with  more  uncertainty,  he  can 
arrange  the  whole  collection  of  colors  in  a  series  ranging  from 
light  to  dark.  This  arrangement  may  be  called  the  light-dark 
series,  or  the  brightness  series.  Besides  this,  the  observer  notes 
differences  of  color,  and  if  he  start  with  a  pure  yellow  and  a 
greenish  yellow,  he  can  easily  continue  the  series  to  green  and 
blue  and  violet  and  purple  and  red  and  orange,  back  to  yellow 
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again.  This  circular  series  is  truly  a  remarkable  phenomenon, 
the  like  of  which  does  not  occur  elsewhere  in  the  field  of  sen- 
sation, though  it  has  some  analog}'  to  the  octave  in  musical  tones. 
Once  the  color  circle  is  constructed,  it  is  possible  to  make  each 
color  in  it  one  of  a  brightness  series,  containing  the  shades  and 
tints  of  one  color  only.  Thus  a  large  share  of  colored  objects 
can  be  reduced  to  an  orderly  arrangement  in  two  dimensions. 

But  the  color  circle  will  not  include  all  our  variegated  objects; 
there  is  no  place  in  it  for  pure  white,  black  or  gray.  In  passing 
from  yellow  around  to  yellow  again,  one  nowhere  finds  a  place 
that  seems  appropriate  for  gray,  or  for  white,  or  for  black. 
The  best  one  can  do  is  to  consider  black  as  the  limit  of  the  dark 
shades  of  some  color,  or  rather  of  any  color  whatever,  and  white 
as  the  limit  of  the  light  or  pale  tints  of  any  color ;  but  still  there 
is  no  place  for  the  grays.  A  more  deliberate  survey  of  the  collec- 
tion of  colored  objects  might  however  enable  the  observer  to  find 
a  place  for  any  given  gray  by  taking  it  as  the  limit  of  a  series  of 
gradations  of  any  color,  gradations  which,  while  preserving  the 
same  color  tone  and  the  same  brightness,  differ  in  the  strength  of 
the  color,  grading  down  from  the  strongest  or  fullest  color  ob- 
tainable at  a  given  brightness,  through  duller  and  duller  shades 
of  the  same  color  tone  and  brightness,  towards  the  neutral  gray. 
This  is  the  saturation  series,  and  its  limits  are  on  the  one  hand 
the  most  saturated  color  of  a  given  brightness,  and  on  the  other 
hand  a  gray  of  the  same  brightness.  The  same  gray  would 
stand  as  the  limit  of  a  saturation  series  for  any  color  tone,  and 
different  shades  of  gray  might  stand  as  the  limits  of  different 
saturation  series  of  the  same  color,  but  of  different  brightnesses. 
Though  less  obvious  to  the  observer  than  the  brightness  or  the 
color  series,  these  saturation  series  can  be  detected  by  reference 
to  sensations  alone,  without  knowledge  of  the  physics  of  the 
matter.  But  whereas  there  is  essentially  but  one  brightness 
series  and  but  one  color  series,  there  is  an  indefinite  number  of 
similar  saturation  series,  according  to  the  brightness  of  the  gray 
chosen  as  the  limit,  and  according  to  the  tone  of  the  saturated 
color  chosen  as  the  other  limit. 

Since  sensations  of  light  and  color  can  be  arranged  in  these 
three  ways,  according  to  color  tone,  according  to  brightness,  and 
according  to  saturation,  it  is  natural  to  attempt  a  synthesis  of  all 
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three  arrangements  into  some  composite  scheme.  Xo  two-dimen- 
sional scheme  will  accomplish  this  synthesis,  but  it  is  is  possible 
to  do  it  in  three  dimensions.  If  all  the  color  tones  which  agree 
in  brightness  and  in  saturation  are  first  arranged  around  the 
circumference  of  a  circle,  a  gray  of  the  same  brightness  may  be 
located  at  the  center  of  the  circle,  and  along  each  radius  may 
be  arranged  the  saturation  series  of  a  given  color,  grading  from 
neutral  gray  to  the  greatest  saturation  occurring  at  the  given 
brightness.  Thus  the  plane  of  the  circle  will  contain  all  the 
colors,  including  gray,  which  have  the  same  brightness.  Similar- 
ly, in  another  plane,  one  might  construct  another  color  circle  of 
another  brightness,  with  its  corresponding  gray  and  saturation 
series;  and,  by  proceeding  in  this  way,  and  piling  the  planes  in 
the  order  of  brightness,  with  the  corresponding  color  tones  al- 
ways in  corresponding  positions  on  the  various  circles,  one  should 
finally  include  all  possible  sensations  of  light  and  color  in  a  single 
three-dimensional  scheme,  which  may  take  the  form  of  a  cylinder, 
bright  on  top  and  dark  beneath,  gray  at  the  center  and  saturated 
on  the  outside,  red  along  one  element  of  the  convex  surface  and 
bkie  along  another.  Practically,  to  be  sure,  there  is  some  diffi- 
culty in  assigning  to  each  color  its  exact  position  in  this  cy- 
lindrical diagram,  since,  though  grays  and  the  shades  of  any  one 
color  can  be  arranged  with  considerable  assurance  in  the  order 
of  brightness,  and  though  colors  of  the  same  tone  and  of  the 
same  brightness  can  be  readily  arranged  in  the  order  of  their 
saturation,  it  is  subjectively  difficult  to  make  sure  of  equality 
of  brightness  or  of  saturation  between  colors  of  differing  tone. 
Theoretically,  however,  every  sensation  of  light  and  color  would 
find  a  fixed  place  in  the  cylindrical  scheme. 

It  is  customary  to  refine  a  little  on  the  cylinder  in  such  a  way 
as  to  do  justice  to  certain  minor  facts  regarding  the  relations 
of  the  sensations  to  each  other.  Thus,  while  the  colors  of  any 
given  brightness  and  saturation  can  be  arranged  in  a  color  circle, 
the  circle  will  not  contain  so  many  distinguishable  steps,  or  barely 
noticeable  differences  of  color  tone,  when  the  brightness  is  very 
low  or  very  high,  or  when  the  saturation  i«  low,  as  when  the 
brightness  is  medium  and  the  saturation  as  great  as  possible. 
As  far  as  concerns  saturation,  this  fact  is  already  done  justice 
to  in  that  the  less  saturated  colors  are  placed  always  towards 
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the  center  of  their  circle,  and  therefore  lie  in  a  smaller  space, 
or  shorter  circumference,  than  the  more  saturated  colors  of  the 
same  brightness.  To  do  similar  justice  to  the  fact  that  the  color 
circles  for  bright  and  dark  colors  contain  fewer  distinguishable 
colors  than  for  medium  brightness,  the  cylinder  is  made  to  taper 
both  above  and  below  into  a  double  cone.  No  red  or  blue  can  be 
found  as  bright  as  the  brightest  white,  and  therefore  white  stands 
alone  at  the  upper  apex,  which  perhaps  should  be  continued  up- 
wards into  a  line  of  whites,  of  increasing  brightness  and  all 
brighter  than  the  brightest  color.  No  color  is  as  dark  as  the , 
deepest  black,  and  therefore  black  stands  alone  at  the  lower  apex, 
and  possibly  this  also  should  be  prolonged  into  a  line. 

A  still  further  refinement  is  sometimes  introduced.  To  some 
observers,  the  color  circle  is  an  imperfect  diagram,  because  it 
seems  to  indicate  a  perfectly  gradual  and  uniform  change  of 
color  tone  throughout  the  series.  They  seem  to  notice  certain 
turning-points  at  which  the  series  alters  in  character  or  direction. 
From  red  through  orange  to  yellow,  the  series  appears  to  them 
homogeneous  throughout,  and  is  properly  represented  by  a  straight 
line ;  but  as  soon  as  yellow  is  passed,  and  a  tinge  of  green  appears, 
the  series  has  taken  a  turn  and  started  off  in  a  new  direction, 
namely,  towards  green.  To  some  observers  it  seems  proper  to  dis- 
card the  circle  for  a  square,  with  four  somewhat  rounded  corners 
at  red,  yellow,  green  and  blue.  Others  are  unable  to  detect  any 
turning-point  in  the  red  or  green,  but  only  in  the  yellow  and  blue ; 
while  others  still  are  unconvinced  of  any  such  turning-points  at 
all.  Different  observers  differ  also  in  the  exact  location  of  .the 
turning-points,  and  it  may  reasonably  be  doubted  whether,  with 
a  sufficiently  great  number  of  colors  at  hand,  graded  by  equal 
fineness  throughout  the  series,  any  turning-points  would  appear  to 
exist.  At  any  rate,  whether  the  square  be  substituted  for  the 
circle,  and  the.  double  pyramid  for  the  double  cone,  or  not,  is  a 
question  of  minor  importance,  since  all  the  main  facts  are  equally 
well  schematized  by  either  diagram. 

The  fact  should  not  be  overlooked  that  these  diagrams  are  not 
intended  to  indicate  anything  regarding  the  stimuli  arousing  the 
sensations.  What  is  indicated  is  simply  the  possibility  of  ar- 
ranging colors  in  series  according  to  brightness,  saturation  and 
color  tone,  with  no  regard  to  the  physical  or  physiological  pro- 
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cesses  which  arouse  these  sensations.  The  color  pyramid  is  a 
purely  psychological  affair.  If  psychology  were  kept  absolutely 
pure,  that  is  limited  to  the  study  of  sensations  and  other  states 
of  consciousness  and  isolated  from  their  physical  conditions  and 
effects,  then  the  present  paper  should  be  concluded  at  this  point 
with  the  addition  of  some  comment  on  the  aesthetic  value  of  the 
different  colors :  apart  from  this  all  the  perfectly  pure  psychology 
of  light  is  summed  up  in  the  color  pyramid ;  everything  else  in- 
volves some  knowledge  of  the  stimulus  which  gives  rise  to  the 
sensation  and  of  the  relation  of  stimulus  to  sensation.  Few 
psychologists,  however,  care  to  remain  so  pure  as  this ;  most  of 
them  wish  to  advance  to  a  knowledge  of  conditions,  effects  and 
other  relations.  But.  at  any  rate,  the  system  of  facts  symbolized 
by  the  color  cone  or  pyramid  is  an  important  part  of  the  science 
of  light. 

Starting  out  from  the  three-dimensional  system  of  sensations 
of  light,  one  naturally  inquires  next  as  to  the  corresponding  di- 
mensions of  the  physical  stimulus.  But  soon  one  is  convinced 
that  there  are  no  dimensions  of  the  stimulus  corresponding  pre- 
cisely to  the  scales  of  color  tone,  brighness  and  saturation.  In  a 
rough  and  general  way,  one  finds  that  the  scale  of  color  corre- 
sponds to  the  scale  of  wave-length,  the  scale  of  brightness  to 
the  scale  of  intensity  or  energy  of  the  stimulus,  and  the  scale  of 
saturation  to  the  degree  of  purity  of  a  single  wave-length  as  con- 
trasted with  the  admixture  of  other  wave-lengths.  Thus,  light 
having,  a  wave-length  of  700  millionths  of  a  millimeter  and  there- 
abouts gives  the  sensation  of  red,  light  of  589  millionths  gives  the 
sodium  yellow,  etc. :  light  of  small  physical  energy  gives  a  dark- 
color  while  light  of  great  intensity  gives  a  bright  color;  light 
that  is  homogeneous  or  monochromatic  or,  in  other  words,  all  of 
one  wave-length,  gives  a  saturated  impression  while  light  com- 
pounded of  rays  of  various  length  gives  an  unsaturated  color  or 
even  a  neutral  gray  or  white. 

But  the-^e  correspondences  are  far  from  perfect.     In  the  case 

of  saturation,  if  one  start  with  light  of  one  wave-length,  and  add 

or  blend  with  it,  more  and  more  white,  i.e.,  mixed  light,  the 

saturation    will    be    decreased.     But   not   all    homogeneous    light 

gives  a  saturated  sensation  :  as,  for  example,  the  pure  sodium 
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light  produces  an  impression  of  paleness  as  compared  with  a  good 
full  red  or  blue.  Saturation,  therefore,  depends  on  the  wave- 
length, as  well  as  on  mixture.  Besides,  there  is  the  curious  case 
of  purple,  which  may,  certainly,  appear  saturated  enough,  though 
it  can  not  be  produced  by  the  action  of  any  one  wave-length,  but 
only  by  a  mixture  of  long  and  short  waves.  Still  further,  satura- 
tion, as  well  as  color  tone  and  brightness,  depends  on  the  dura- 
tion of  the  stimulus,  and  on  the  character  of  the  light  which  has 
just  previously  excited  the  eye.  A  light  which  appears  highly 
saturated  at  first  sight  grows  paler  and  paler  with  prolonged 
inspection ;  and  the  most  saturated  effects  can  only  be  obtained  by 
first  looking  steadily  at  a  bright  color,  and  then  turning  quickly 
to  a  somewhat  darker  shade  of  the  complementary  color. 

The  case  of  color  tone  is  even  more  intricate.  In  a  general 
way,  it  depends  on  the  wave-length,  but  there  are  many  important 
exceptions  to  the  rule.  Just  as  prolonged  fixation  of  a  colored 
light  changes  its  apparent  saturation,  it  may  also  change  its 
apparent  color.  A  light  which  appears  orange  or  greenish  yellow 
at  first  tends  on  prolonged  fixation  to  change  towards  pure 
yellow,  at  the  same  time  losing  in  saturation ;  and,  similarly,  a 
greenish  blue  or  a  violet  changes  towards  blue.  Yellow  and  blue 
themselves  do  not  change  except  in  saturation.  There  are  a  par- 
ticular bluish  green  and  a  particular  purplish  red  which,  also,  do 
not  change  in  color,  but  only  lose  rapidly  in  saturation,  verging 
towards  neutral  gray.  This  red  and  this  green  are  boundaries, 
as  it  were,  between  the  spheres  of  influence  of  yellow  and  blue. 
On  the  color  circle  they  may  be  taken  as  extremities  of  a  diam- 
eter, separating  a  yellow  from  a  blue  semicircle.  To  the  fresh 
eye,  the  yellow  half  appears  graded  in  color  from1  purplish  red 
through  red,  orange  and  yellow  to  green.  The  blue  half  appears 
graded  from  bluish  green  through  blue,  violet  and  purple.  But 
when  the  eye  has  become  sufficiently  fatigued  or  adapted  by  pro- 
longed exposure  of  the  same  parts  of  the  retina  to  the  same 
lights,  then  the  yellow  half  of  the  circle  appears  yellow  through- 
out, and  the  blue  half  blue  throughout,  though  varying  in  satura- 
tion. 

Color  tone  depends  on  the  intensity  of  the  physical  light,  as 
well  as  on  its  wave-length.     If  the  intensity  is  sufficiently  dimin- 
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islied,  then,  though  the  eve  be  allowed  time  to  become  well 
adapted  to  the  dark,  the  distinction  of  color  drops  out,  and  only 
grays  are  left.  Also,  it  is  said,  if  the  intensity  of  monochromatic 
light  is  sufficiently  increased,  not  only  do  all  the  colors  lose  in 
saturation,  but  all  except  blue  and  yellow  tend  to  shift  towards 
one  of  these  two  colors,  much  as  in  prolonged  fixation.  Here 
again  there  are  boundary  colors  between  the  yellow  and  the 
blue  halves,  and  the  boundary  colors  do  not  shift  in  color  with 
increasing  intensity,  but  only  lose  saturation  and  pass  into  white. 

Color  is  also  dependent  on  the  size  or  area  of  the  stimulus,  since 
a  minute  area  of  color  is  likely  to  appear  colorless,  though  a 
larger  area  of  the  same  character  would  show  its  color. 

There  is  still  another  exception  to  the  rule  of  correspondence 
between  color  tone  and  wave-length,  and  it  is  a  very  curious  ex- 
ception, that  is,  color  mixture.  The  sodium  yellow,  for  example, 
can  not  only  be  produced  by  light  of  589  wave-length,  but  also 
by  the  combined  action  of  650  and  550  in  proper  proportions,  or 
by  many  other  pairs  of  rays.,  one  of  greater  and  one  of  less 
wave-length  than  589,  provided  only  that  neither  of  them  differs 
too  much  from  589.  In  general,  the  same  color  tone  as  is 
produced  by  light  of  any  given  wave-length  can  also  be  pro- 
duced by  a  mixture  of  other  wave-lengths,  one  greater  and  one 
less  than  that  whose  color  is  to  be  duplicated.  The  mixed  light 
does  not  betray  its  composition,  but  gives  just  as  unitary  a  sensa- 
tion as  homogeneous  light.  The  sensation  gives  no  indication 
whether  the  light  is  homogeneous  or  mixed,  except  that,  in 
general,  homogeneous  light  gives  a  more  saturated  effect :  and 
the  greater  the  difference  in  wave-length  between  the  two  lights 
mixed,  the  less  in  general  is  the  saturation  of  the  resulting  color 
sensation.  But  even  this  rule  in  regard  to  saturation  has  excep- 
:  so  that,  in  short,  it  is  impossible,  from  the  color  effect 
produced  by  a  light,  to  infer  anything  with  certainty  and  precis- 
ion as  to  the  wave-length  or  wave-lengths  of  the  light.  Ref- 
erence should  also  be  made  again  to  the  purples,  which  though 
fully  as  definite  color  sensations  as  any  others,  have  no  corre- 
sponding single  wave-lengths.  To  the  physicist,  purple  may 
almost  be  called  a  sham  and  illusion ;  it  has  no  place  in  the 
spectrum,  and  does  not  represent  any  homogeneous  ray  a?  the 
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other  colors  do.  Therefore  it  can  not  be  allowed,  in  physics,  a 
standing  equal  to  that  of  the  other  colors.  Nevertheless,  as  a 
sensation,  purple  has  exactly  as  good  a  standing'  as  any  other 
color.  It  can  not  be  regarded  by  the  psychologist  as  a  mere  mix- 
ture of  other  sensations,  for  it  appears  to  the  observer  quite  as 
single  and  homogeneous  as  the  other  colors.  It  occupies  its 
place  in  the  cdlor  circle  with  the  same  dignity  and  assurance  as 
any  other  color.  In  every  respect  it  is  on  a  par,  psychologically, 
with  other  colors. 

The  grays  and  whites  have  somewhat  the  same  curious  position 
as  the  purples,  since  these  sensations  are  not  aroused  by  light  of 
any  single  wave-length  (unless,  indeed,  it  be  of  very  high  or  of 
very  low  intensity),  but  only  by  a  mixture  of  different  rays. 
Many  different  mixtures  give  the  same  effect — either  a  combina- 
tion of  all  the  rays  in  the  proportion  in  which  they  are  present 
in  sunlight,  or  a  combination  of  the  two  wave-lengths  656  and 
492,  or  585  and  485,  or  of  564  and  462,  etc. ;  and  also-  a  combina- 
tion of  three,  four  or  more  rays  properly  chosen  and  adjusted. 
When  two  rays  combine  to  produce  the  sensation  of  white, 
they  are  called  complementary,  and  it  is  customary  also  to  call 
the  colors  corresponding  to  the  wave-lengths  complementary 
colors.  Strictly  speaking,  it  is  not  the  color  sensations  which  are 
complementary,  but  only  the  rays  of  light ;  for  there  is  nothing 
in  the  aspect  of  blue  to  indicate  that,  when  combined  with  yellow, 
it  would  give  gray ;  and  nothing,  indeed,  is  more  surprising  than 
to  see  for  the  first  time  a  mixture  of  blue  and  yellow,  on  the 
color  wheel,  give  rise  to  the  neutral  gray,  from  which  all  traces 
of  the  constituent  colors  have  disappeared.  Strictly  speaking, 
again,  yellow  and  blue,  as  sensations,  are  not  constituents  of 
gray.  They  have  not  been  blended  into  the  sensation  of  gray, 
but  have  simply  disappeared,  making  way  for  the  sensation  of 
gray. 

Color  mixture,  in  general,  is  not  mixture  of  color  sensations, 
but  mixture  of  stimuli. 

Mixed  stimuli  give  homogeneous  color  sensations.  The  same 
statement  could  not  be  made  of  any  other  sense  than  vision. 
One  does  not  experience  a  salty  taste,  for  example,  by  taking 
into  the   mouth   a  mixture  of  sweet   and   acid   substances ;   nor 
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is  the  note  re  heard  when  do  and  mi  are  sounded  together. 
There  is  something  peculiar  about  the  sense  of  sight  in  this 
respect. 

There  is  still  one  other  grand  exception  to  the  rule  of  corre- 
spondence between  color  tone  and  wave-length.  This  corre- 
spondence holds,  at  best,  only  for  the  ordinary  polychromatic 
vision,  of  which  the  color  circle  is  a  symbol.  Already  mentioned 
is  one  instance  of  achromatic  vision,  namely,  the  case  of  very 
faint  illumination.  On  passing  from  bright  to  dim  light,  one  at 
first  >ees  very  little,  but  soon  becomes  adapted  to  the  dark  so  as 
to  see  objects  and  distinguish  the  lighter  from  the  darker.  But 
in  thus  becoming  adapted  to  dim  light,  the  eye  does  not  become 
adapted  to  differences  of  wave-length  in  the  dim  light,  but  all 
dim  light  is  gray.  There  are  two  other  instances  of  achromatic 
vision.  First,  there  are  the  totally  color-blind  individuals,  who 
recognize  no  distinction  of  light  according  to  the  wave-length. 
All  wave-lengths  are  alike  to  them,  aside  from  differences  in 
brightness.  The  other  instance  is  found  in  indirect  vision  with 
a  normal  eye.  At  the  very  outside  of  the  field  of  view,  lights 
can  not  be  distinguished  in  color,  but  only  in  brightness,  or, 
at  least,  only  very  intense  lights  can  be  distinguished  in  color, 
all  others  appearing  gray.  Another  form  of  vision  besides  poly- 
chromatic virion  wuth  its  three  dimensions,  color,  brightness  and 
saturation,  must  therefore  be  recognized — a  form  in  which  the 
color  dimension  is  suppressed,  and  with  it  the  saturation  dimen- 
sii  n.  leaving  only  the  dimension  of  brightness.  Instead  of  a 
double  cone  or  pyramid,  therefore,  this-  achromatic  or  one-di- 
mensional  vision  can  be  symbolized  by  a  straight  line.  According 
to  the  "duplex  theory"  of  vision  which  seeks  to  justify  these  facts, 
this  one-dimensional  or  mere  brightness  vision  is  a  function  of 
the  mds  of  the  retina,  while  the  polychromatic  or  three-dimen- 
sional vision  is  a  function  of  the  more  highly  developed  cones. 
This  theory  finds  support  in  the  fact  that  the  achromatic  periphery 
of  the  retina  is  almost  free  from  cones,  and  in  the  strong  indica- 
tions that  totally  color-blind  individuals  are  deprived  of  the  func- 
tion of  the  cones.  The  rods  are  believed  to  be  more  sensitive 
ry  faint  light  than  the  cones,  or,  at  least,  to  be  capable  of 
much  better  adaptation  to  very  faint  light.     Therefore,  in  very 
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dim  light,  seeing  only  with  the  rods,  one  has  only  brightness  and 
no  color  vision. 

If  polychrome  vision  is  three-dimensional,  and  achromatic 
vision  one-dimensional,  one  must  also  recognize  the  existence  of 
a  two-dimensional  form  known  as  dichromatic.  Two  imperfect 
instances  of  this  form  of  vision  have  already  been  mentioned — 
that  which  results  from  great  intensity  of  the  light,  and  that 
which  results  from  its  prolonged  action  on  the  same  portions  of 
the  retina.  In  both  cases  the  color  circle  tends  to  be  reduced  to 
blue  and  yellow  with  gray  at  the  boundaries  between  them. 
Therefore  there  is  no  further  need  of  the  circle,  since  a  straight 
line  with  blue  at  one  end,  yellow  at  the  other,  and  gray  in  the 
middle,  provides  a  place  for  all  the  colors  experienced  in  this 
dichromatic  vision.  Neither  the  color  dimension  nor  the  satura- 
tion dimension  is  wholly  suppressed,  but  the  two  coalesce. 

More  important  instances  of  the  dichromatic  system  are  found 
in  indirect  vision  and  in  the  common  type  of  color-blindness. 
The  outermost  part  of  the  retina  gives,  as  has  been  said,  achro- 
matic vision,  while  the  central  area  gives  the  complete  system  of 
colors.  There  is,  however,  an  intermediate  zone  of  dichromatism. 
The  limits  of  this  zone,  to  be  sure,  are  not  absolutely  fixed,  but 
vary  with  the  intensity  of  the  stimulus.  It  can  be  said  in  a 
general  way  that  all  colors  appear,  in  the  intermediate 
zone,  as  yellow,  blue,  or  else  gray.  Scarlet,  orange  and  olive 
green  appear  yellow ;  greenish  blue  and  all  the  other  blues,  with 
violet  and  purple,  appear  blue.  A  certain  green,  or  bluish  green, 
appears  neither  yellow  nor  blue  but  simply  gray;  and  the  same 
is  true  of  a  certain  purplish  red.  These  are  indeed  the  same 
boundary  colors  that  were  discovered  in  the  previous  instances 
of  dichromatic  vision.  The  color  circle  reduces  to  two  radii,  one 
for  yellow  in  its  different  saturations,  and  one  for  blue,  both 
meeting  in  neutral  gray.  The  two  radii  may  properly  be  con- 
sidered as  one  diameter,  and  thus  the  color  circle  can  be  re- 
duced to  a  straight  line,  perpendicular  to  that  other  straight 
line  which  symbolizes  the  variations  of  brightness.  The  double 
cone  or  pyramid  is  reduced  to  a  double  triangle. 

The  most  common  form  of  color  blindness,  best  called  red- 
green  blindness,  is  also  a  dichromatism  apparently  identical  with 
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that  of  the  intermediate  zone  of  the  retina.  Colors  in  the  yellow 
half  of  the  color  circle  are  confused  with  each  other  to  any  ex- 
tent, provided  only  brightness  and  saturation  are  suitably  ad- 
justed; and  so  also  all  colors  in  the  blue  half  of  the  circle  may 
be  confused  with  each  other.  The  boundary  colors,  often  men- 
tioned, are  to  the  color-blind  eye  indistinguishable  from  neutral 
gray.  In  general,  one  can  not  institute  a  direct  comparison  be- 
tween the  sensations  of  the  color-blind  and  of  the  normal  in- 
dividual ;  but  a  few  valuable  instances  are  on  record  of  individuals 
color-blind  in  only  one  eye,  and  their  testimony  indicates  that 
the  colors  which  remain  to  the  color-blind  eye  are,  actually,  yel- 
low and  blue,  the  same  as  in  the  intermediate  zone  of  the  retina; 
so  that  the  color-blind  possess  a  two-dimensional  instead  of  a 
three-dimensional  system  of  sensations  of  light. 

The  correspondence  between  color  tone  and  wave-length,  which 
is  entirely  lacking  in  achromatic  vision,  is  partially  present  in 
dichromatism,  since  rays  of  greater  wave-length  give  one  color 
tone,  probably  yellow,  and  rays  of  short  wave-length  another 
color  tone,  blue.  That  is  to  say,  any  wave-length  of  over  about 
500  millionths  of  a  millimeter  gives  always  the  same  color  tone, 
yellow,  though  in  varying  brightness  and  saturation ;  and  any 
wave-length  less  than  about  500  gives  always  the  one  color  tone, 
blue,  in  varying  saturation  and  brightness ;  while  rays  of  about 
500  give  gray. 

Enough  has  been  said  to  make  it  clear  that  the  relation  between 
color  tone  and  wave-length  is  nothing  universal,  uniform  and 
necessary.  The  relation  is  in  reality  extraordinarily  complicated; 
and  to  give  some  rational  interpretation  of  this  complexity  is 
the  province  of  physiology  with  its  color  theories.  Between  the 
physical  light  and  the  system  of  color  sensations  intervenes  the 
eye.  and  especially  the  retina,  a  receiving  and  transforming  organ, 
and  something  in  its  manner  of  transformation  must,  probably, 
be  the  cause  of  the  intricate  relations  between  the  physical  stimu- 
lus on  the  one  side  and  the  color  sensation  on  the  other.  With- 
out attempting  to  discuss  the  merits  of  the  several  rival  theories 
of  color  vision,  no  one  of  which,  probably,  is  fully  adequate,  the 
theory  which  commands  most  adherence  from  psychologists  at 
the  present  day  may  be  considered ;  that  is,  the  theory  put  for- 
ward by  Hering.     Xo  attempt  is  made  here  to  follow  Hering  in 
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all  details,  nor  to  keep  his  ideas  distinct  from  those  of  other  con- 
tributors to  the  theory. 

In  the  first  place,  the  mechanism  by  which  the  retina  trans- 
forms light  into  nervous  impulses  is,  in  all  probability,  either 
chemical  or  electrical  or,  most  likely,  electrochemical.  The  photic 
stimulus,  impinging  on  the  rods  and  cones  of  the  retina,  must 
arouse  in  them  some  movement  of  molecules  or  atoms,  some 
migration  of  ions,  some  rotation  of  electrons  ;  and  this  movement 
must  in  turn  start  the  somewhat  similar  movement  in  the  nerves 
which  is  propogated  to  the  brain.  Apparently  there  must  be 
present  in  the  retina  some  substances  sensitive  to  light,  such 
that  minute  motions  are  generated  in  them  by  the  ethereal  vi- 
brations. Whatever  the  exact  nature  of  this  electrochemical  mo- 
tion may  be,  it  must  apparently  be  conceived  as  reversible.  The 
electrons  must  be  capable  of  rotating  in  two  opposite  directions, 
or  the  ions  of  migrating  to  and  fro  between  two  compounds,  or 
the  molecules  of  disintegration  and  redintegration  similar  to  what 
is  observed  in  the  action  of  certain  enzymes.  The  need  for  some 
such  assumption  is  partly  to  account  for  the  recovery  of  the 
retina  after  activity,  partly  to  account  for  the  positive  character 
of  the  sensation  of  black,  and  partly  to  explain  the  opposition 
between  certain  rays  and  certain  other  rays  in  their  action  on 
vision. 

Black  is  not,  psychologically,  a  mere  absence  or  negation,  but 
is  as  positive  as  any  other  visual  sensation.  A  mere  absence  of 
visual  sensation  is  not  black,  but — simply  nothing  at  all,  as  for 
example,  the  impression  derived  from  a  ray  which  falls  on  the 
blind  spot  or  outside  of  the  limits  of  the  field  of  view.  More- 
over, black,  or  at  least  dark,  is  as  essential  as  light  for  the 
uses  of  vision.  All  in  all,  it  seems  reasonable  to  conceive  of 
the  process  set  up  by  light  in  the  retina  as  reversible,  and  such 
that  after  light,  an  absence  of  light  will  act,  as  a  stimulus  to  the 
opposite  motion  to  that  generated  by  the  light.  Such  a  con- 
ception is  by  no  means  absurd,  since  it  is  possible  to  produce  a 
photographic  film  which  shall  be  insensitive,  i.e.,  remain  in  equili- 
brium, under  light  of  a  certain  intensity,  while  it  undergoes  a 
change  when  the  light  is  either  raised  or  lowered  in  intensity 
from  this  level.  For  example,  metallic  silver  in  a  solution  of 
copper  bromide  tends  to  take  the  bromine  from  the  copper  and 
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make  silver  bromide.  On  the  other  hand,  the  action  of  light 
is  to  drive  the  bromine  off  from  the  silver  and  leave  this  in  the 
metallic  state.  With  a  certain  intensity  of  light,  equilibrium  is 
established  between  the  tendency  of  the  bromine  to  move  to  and 
away  from  the  silver;  but  if  now  the  light  is  increased,  the 
equilibrium  is  disturbed  and  more  bromine  leaves  the  silver, 
whereas  if  the  light  is  diminished,  the  equilibrium  is  again  dis- 
turbed and  more  bromine  passes  from  the  copper  to  the  silver. 
Electric  currents  are  liberated  by  each  of  these  opposed  move- 
ments of  the  bromine  ions.1 

Something  like  this  represents  the  minimum  requirement  for  a 
light  receiving  organ — some  substance  or  mixture  of  substances 
in  which  light  sets  up  motion  in  one  direction,  while  the  inner 
tendencies  of  the  mixture  give  rise  to  a  movement  in  the  op- 
direction  on  the  cessation  of  the  light.  Biologically,  it 
seems  reasonable  to  suppose  that  the  retina  has  undergone  an 
evolution  such  that,  in  its  most  primitive  state,  it  provided  for 
only  one  pair  of  opposed  motions.  Its  photochemical  substance 
must  have  been  similarly  though  not  equally  sensitive  to  light 
of  quite  a  range  of  wave-length,  corresponding  somewhat  to  the 
limits  of  the  visible  spectrum.  This  would  then  be  a  one-dimen- 
sional sense,  providing  sensations  of  light  and  dark  in  several 
degrees.  The  rod  sense  seems  to  remain  still  at  this  stage  of 
evolution.  It  seems  to  have  only  one  reaction  to  light,  irre- 
spective of  the  wave-length,  and  one  opposed  reaction  to  the 
ion  of  light.  The  outer  zone  of  the  retina,  mostly  unpro- 
vided as  it  is  with  cones,  remains  essentially  in  this  stage  of 
evolution. 

The  intermediate  zone  of  the  retina  apparently  represents  a 
second  stage  in  the  evolution  of  the  visual  sense;  and  the 
same  may  reasonably  be  conjectured  regarding  red-green  blind 
individuals,  since  their  eyes  show  no  signs  of  any  pathological 
condition.  Color-blindness  is  not  a  disease,  but  is  an  innate  con- 
dition, and  may  represent  something  like  arrested  development 
or  a  remaining  of  the  retina  at  the  same  earlier  stage  of  evolu- 
tion as  is  found  always  in  the  intermediate  zone.  The  charac- 
teristic of  this   dichromatic  vision   is  that,  in  addition  to  being 

I.ie^egang.  "Schwarz  als   Empfindung,"  Zeitschr.  f.   Sinnesphysiologie,  1910, 
45.  69-70. 
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sensitive  to  light  and  dark,  it  is  also  differentially  sensitive  to 
light  of  long  and  of  short  wave-length.  It  reacts  to  long  waves 
by  giving  rise  to  the  sensation  of  yellow,  and  to  short  rays  by 
giving  rise  to  the  sensation  of  blue.  It  is  probable  that  the  re- 
tina, in  this  stage  of  development,  contains,  in  addition  to  the 
substance  which  gives  opposite  motions  to  light  and  dark,  some 
other  substance  or  mixture  or  condition  in  which  a  motion  in 
one  direction  is  generated  by  the  long  waves  and  the  opposed 
motion  by  the  short  waves.  Photochemistry  can  afford  analogies 
for  such  a  condition.  The  motion  generated  by  the  long  waves 
is  not  generated  with  equal  ease  by  all  of  them,  but  most 
readily,  it  is  probable,  by  waves  having  a  length  of  about  570, 
and  less  and  less  by  waves  differing  more  and  more  from  this 
length  on  either  side.  In  other  words,  the  photochemical  sub- 
stance in  question  is  attuned  to  waves  of  one  length,  but  re- 
sponds also  to  waves  not  differing  too  much  from  this  optimum. 
Similarly,  the  opposite  motion  in  this  substance  is  best  generated 
by  light  of  about  470,  but  in  a  less  degree  by  other  waves  shorter 
than  about  500.  Accordingly,  if  one  excites  a  dichromatic  eye 
by  light  from  different  regions  of  the  spectrum,  beginning  with 
the  red  end,  he  shall  obtain,  first,  a  very  dull  yellow,  then  more 
and  more  yellow  till  the  maximum  is  passed,  then  less  and  less 
yellow  till  the  neutral  point  at  about  500  is  reached,  then  a  faint 
blue  increasing  to  a  maximum  and  decreasing  again  towards  the 
violet  end. 

But  along  with  this  yellow-blue  sense,  dichromatic  vision  pos- 
sesses also  the  light-dark  sense,  which  responds  to  all  rays  within 
the  visible  spectrum  by  a  sensation  of  light,  having  also  a  maxi- 
mum not  far  from  the  maximum  of  the  yellow  effect,  and  shading 
off  towards  both  ends  of  the  spectrum.  The  total  effect  on  the 
dichromatic  eye  from  stimulation  with  any  wave-length  will 
therefore  be  a  compound  of  the  light-dark  effect  with  the  yellow- 
blue  effect.  At  the  neutral  or  boundary  point  of  the  yellow-blue 
reaction,  the  yellow-blue  process  being  in  equilibrium,  only  the 
light  effect  results.  Again  if  yellow  and  blue  rays  act  together, 
they  neutralize  each  other  so  far  as  concerns  the  yellow-blue  pro- 
cess, and  leave  only  the  effect  of  light  of  a  certain  brightness. 
Or,  if  any  combination  of  long  and  short  waves  is  so  propor- 
tioned that  the  yellow  tendency  balances  the  blue  tendency,  only 
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the  light  effect  remains.  If  the  long  waves  overbalance  the  short 
in  any  mixture,  the  effect  is  yellowish;  if  the  short  waves  pre- 
ponderate, the  effect  is  bluish.  The  saturation  of  any  yellow  or 
blue  depends  on  the  relation  between  the  light-dark  and  the  yellow 
or  blue  effects,  and  is  greater  in  proportion  as  the  light  is  homo- 
geneous and  in  proportion  as  it  is  concentrated  about  one  of 
the  two  wave-lengths  to  which  the  yellow  and  blue  processes 
are  most  responsive.  Saturation  is  therefore,  from  the  point  of 
view  of  retinal  action,  an  incidental  affair,  and  not  worthy  to 
be  regarded  as  a  dimension  or  independent  variable.  Yet  dichro- 
matic vision  is,  physiologically  as  well  as  psychologically,  two- 
dimensional,  the  two  independent  variables  being  the  light-dark 
process  and  the  yellow-blue  process. 

Dichromatic  vision  is  simpler  and  better  understood  than  nor- 
mal or  polychromatic  vision.  It  is  natural  to  suppose  that  the 
latter  is  equal  to  the  former  plus  some  additional  process,  i.e., 
that,  in  the  course  of  evolution,  some  new  photochemical  sub- 
stance or  mixture  has  arisen  which  is  differently  sensitized  from 
either  the  light-dark  substance  or  the  yellow-blue  substance. 
Theories  differ  widely  as  to  the  nature  of  the  addition  which  must 
be  made  to  dichromatic  vision  to  produce  polychromatic  vision — 
or  in  other  words,  as  to  the  nature  of  the  subtraction  which  must 
be  made  from  the  normal  eye  to  reduce  it  to  the  color  blind 
condition.  The  following  consideration,  however,  seems  to  be 
important  in  this  connection.  Since  yellow  and  blue  lights  are 
complementary  both  to  the  normal  and  to  the  color  blind  eye,  and 
since,  in  general,  the  same  pairs  of  wave-lengths  are  comple- 
mentary to  both  sorts  of  eyes,  it  follows  that  what  is  added  to 
dichromatic  to  make  polychromatic  vision  must  itself  partake  of 
the  nature  of  a  complementary,  or  must  consist  of  two  opposed ' 
-  of  the  same  general  nature  as  the  vellow-blue  pair. 
(  HhcrwiM',  two  colors  which  are  complementary  to  the  color-blind 
eye  would  not  be  so  to  the  normal  eye.  Or,  to  put  it  otherwise, 
ngle  color  added  to  a  complementary  pair  like  yellow  and 
blue  would  give  rise  to  the  color  circle,  but  only  to  half  of  the 
-  in  it;  and  no  single  color  added  to  yellow  and  blue  would 
white,  since  yellow  and  blue  by  themselves  combine  to  give 
white,  and  the  third  color  would  be  left  over  and  give  its  tinge 
he  mixture.     What   is   added   must  be   of   such   a  character 
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that  the  yellow-blue  mixture  plus  the  new  addition  shall  give 
the  same  effect  as  the  yellow-blue  mixture  alone, — namely  white 
light — since  all  the  colors  mixed  together  give  white.  It  is 
probable,  accordingly,  that  the  new  development  which  gives  rise 
to  polychromatic  vision  is  polarized  as  the  light-dark  and  yellow- 
blue  processes  are  polarized.  In  other  words,  one  should  surmise 
that  some  new  photochemical  substance  has  arisen  in  the  cen- 
tral region  of  the  fully  developed  retina — some  substance  ad- 
mitting of  two  opposite  motions,  and  so  attuned  as  to  give  one 
of  these  motions  under  the  action  of  a  certain  wave-length,  and 
the  opposite  motion  under  the  operation  of  some  other  wave- 
length ;  and  the  colors  corresponding  to  these  wave-lengths  should 
be  complementary.  The  problem  would  then  be  to  ascertain  the 
wave-length  to  which  each  of  these  opposed  reactions  is  most 
closely  attuned.  There  are  indications,  but  not  conclusive  ones, 
that  one  of  these  wave-lengths  lies  in  the  neighborhood  of  500, 
namely,  in  the  green  or  bluish  green.  But,  if  so,  no  one  wave- 
length can  be  assigned  as  the  optimum  for  the  opposed  or  com- 
plementary reaction,  since  the  green  has  no  complementary  with- 
in the  spectrum.  The  purplish  red,  complementary  to  the  green, 
lies  in  the  non-spectral  portion  of  the  color  circle,  and  is  produced 
only  by  the  combination  of  long  and  short  wave-lengths.  It 
would  seem,  accordingly,  that  the  red  process  is  best  attuned  to 
no  one  single  wave-length,  but  to  a  certain  mixture  of  long  and 
short  waves.  This  is  a  condition  of  affairs  that  tempts  one  to 
speculation,  especially  in  view  of  the  fact  that  the  longest  waves 
in  the  visible  spectrum  are  nearly,  but  not  quite  twice  the  length 
of  the  shortest.  The  visible  spectrum  has,  in  fact,  often  been 
likened  to  a  slightly  incomplete  octave.  One  is  thus  reminded 
of  the  overtones  in  sound,  and  is  led  to  suspect  that  a  photo- 
chemical substance  attuned  to  waves  at  one  end  of  the  spectrum 
would  also  be  sensitive  to  waves  of  nearly  twice  the  vibration 
rate  at  the  other  end.  It  might  thus  be  really  the  fact  that, 
under  the  conditions  of  absorption  obtaining  in  the  media  of  the 
eyeball,  etc.,  no  one  ray  of  light  would  so  effectively  excite 
the  red  process  as  a  mixture  of  long  and  short  waves.  Besides, 
to  obtain  the  real  effect  in  its  purity,  one  would  need  to  choose  a 
stimulus  which  should  give  a  balanced  effect  on  the  yellow-blue 
substance,  as  otherwise  the  red  would  be  tinged  with  a  proportion 
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of  yellow  or  of  blue.  Now  a?  the  yellow  process  is  excited  by 
all  rays  up  to  the  red  end,  and  the  blue  process  by  all  rays  down 
to  the  violet  end,  the  pure  red  effect  could  be  got  neither  from 
the  long  waves  nor  from  the  short  waves  alone,  but  only  by 
neutralizing  the  yellow  effect  of  the  long  rays  by  the  blue  effect 
of  the  short.  However,  as  these  considerations  are  both  com- 
plicated and  speculative,  it  is  wise  to  admit  that  the  probable 
physiology  of  polychromatic  vision  is  still  undecided.  Enough 
has  certainly  been  said  to  justify  the  thesis  that  the  correspond- 
ence between  color  tone  and  wave-length  is  far  from  presenting 
that  simple  character  which  would  be  suggested  by  the  rudimen- 
tary statement  that  color  depends  on  the  wave-length. 

The  similar  statement  that  brightness  depends  on  the  energy 
of  the  physical  stimulus  is  also  true  only  with  very  serious  quali- 
fications. To  mention  first  one  or  two  minor  points,  brightness 
depends  on  the  spatial  extent  of  the  stimulus  and  on  its  dura- 
tion. Either  extent  or  duration  can  to  a  certain  degree  take  the 
place  of  intensity  of  light.  A  very  small  surface  intensely  il- 
luminated may  appear  less  bright  than  a  larger  surface  under 
somewhat  weaker  illumination.  A  weaker  light  acting  on  the 
eye  for  a  twentieth  of  a  second  may  appear  brighter  than  a 
stronger  light  acting  for  a  hundredth  of  a  second.  A  light  must 
act  for  a  certain  time  in  order  to  develop  the  full  brightness  to 
which  it  can  give  rise.  This  time  for  which  it  must  act  is  called 
.ction  time,"  and  is,  to  be  sure,  very  short,  ranging  from 
one-fifth  of  a  second  when  the  light  is  so  weak  as  to  be  barely 
perceptible  down  to  a  thirtieth  when  the  light  is  very  intense.1 

The  apparent   intensity  of   a  light  which   acts   for  less  than 

its  action  time  is  proportional  to  the  time  for  which  it  acts :  and 

this  rule  applies  to  intermittent  light  such  as  that  reflected  from 

a  color  wheel  or  such  as  that  of  an  arc  in  an  alternating  current. 

Here  one  has.  physically,  light  for  a  short  time  followed  by  dark- 

for  a  short  time,  the  two  alternating  rapidly.     If  the  light 

for  half  of  the  total   time,   the   apparent  intensity  is   half 

of  what  it  would  be  were  the  light  physically  continuous ;  and. 

in  general,  the  apparent  intensity  of  the  light  is  the  same  fraction 

)f  its  full  possible  brightness  that  the  phase  of  light  is  of  the 

1  McDougall,  British  Journal  of  Psychology,  1904.  1,  151. 


454      TRANSACTIONS  OE   ILLUMINATING  ENGINEERING   SOCIETY 

whole  period.     This   relation  between  brightness   and   duration 
is  familiar  under  the  name  of  Talbot's  law. 

If,  however,  a  bright  light  lasts  for  much  longer  than  its  action 
time,  its  apparent  brightness  begins  slowly  to  diminish.  The 
eye  becomes  adapted  to  it,  and  responds  less  strongly  than  at 
first.  If  a  strong  light  is  followed  by  a  weak,  the  apparent  bright- 
ness of  the  latter  slowly  increases  and  may  finally  come  to  ap- 
pear much  brighter  than  at  first.  Brightness  depends  almost  as 
much  on  the  condition  of  adaptation  of  the  retina  as  on  the  in- 
tensity of  the  stimulus.  On  passing  from  bright  to  dim  illumina- 
tion, the  adaptation  of  the  eye  proceeds  rapidly  for  the  first  1-2 
minutes,  and  then  more  slowly  -for  half  an  hour  or  even  for 
several  hours.  The  change  in  the  sensitivity  with  adaptation  is 
very  great,  as  measured  by  the  least  intensity  of  illumination 
than  can  be  perceived.  The  eye  is  at  least  several  thousand 
times  as  sensitive  after  half  an  hour  in  dim  light  as  after  half 
an  hour  in  the  sunlight. 

The  apparent  brightness  of  light  is  thus  affected  by  the  preced- 
ing stimulation.  It  is  also  affected  by  the  simultaneous  stimula- 
tion of  other  parts  of  the  retina ;  or,  in  other  words,  the  bright- 
ness of  any  one  part  of  the  field  is  a  function  not  only  of  the 
intensity  of  illumination  at  that  part  but  also  of  the  illumination 
at  other  parts  of  the  field.  The  main  facts  belonging  here  are 
known  under  the  name  of  contrast ;  and  contrast  might  well  have 
been  mentioned  in  discussing  color,  since  the  apparent  color,  as 
well  as  brightness,  of  any  part  of  the  field  is  liable  to  modi- 
fication by  the  influence  of  other  parts  of  the  field.  Contrast 
seems  to  be  an  example  of  the  law  of  polarization  or  opposition  that 
was  spoken  of  under  the  head  of  color  theories.  If  the  bright- 
ness process  is  evoked  in  one  part  of  the  retina,  this  favors  the 
darkness  process  in  other,  especially  adjacent  parts ;  and  if  the 
yellow  process  is  evoked  at  one  part,  this  favors  the  blue  process 
at  other  parts.  In  general,  the  calling  out  of  one  reaction  at 
one  part  favors  the  opposed  reaction  at  other  parts  in  proportion 
to  their  proximity.  So,  a  bright  light  shining  into  the  eyes 
causes  a  darkening  of  any  other  object  which  is  being  examined 
and  interferes  noticeably  with  clear  and  easy  perception.  Since 
contrast  is  strongest  at  the  junction  of  the  contrasting  surfaces, 
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its  effect  is  to  accentuate  the  contours  and  outlines  of  objects, 
and  it  thus  serves  an  important  purpose  in  vision,  since  contours 
are  of  much  value  in  recognizing  objects.  Contrast  effects  are 
generally  overlooked,  though  all  the  time  they  are  being  utilized 
for  purposes  of  sharp  definition  of  objects.  It  is  possible  to 
measure  contrast  effects  by  comparing  the  apparent  brightness  of 
a  surface  subjected  to  the  influence  of  some  adjacent  brighter 
or  darker  surface  with  the  brightness  of  a  control  surface  free 
from  any  strong  contrast  influence.  The  illumination  of  the 
control  surface  is  varied  till  it  appears  equal  to  that  of  the  sur- 
face affected  by  contrast,  and  it  is  found  possible  to  express  the 
degree  of  the  contrast  effect  as  equivalent  to  such  and  such  a 
change  in  the  objective  illumination.  As  thus  measured,  the 
brightness  contrast  is  equivalent  to  a  constant  fraction  of  the 
difference  in  illumination  of  the  contrasting  surfaces.  This  frac- 
tion is  constant,  in  the  sense  of  being  independent  of  the  absolute 
illumination  and  of  the  difference  of  illumination  of  the  con- 
trasting surfaces.  It  varies  with  many  other  conditions,  such 
as  proximity.  But  contrast  is,  by  exception,  relatively  strong 
between  two  surfaces  which  differ  but  slightly  in  illumination ; 
and  it  is  here,  especially,  that  the  influence  of  contrast  to  accen- 
tuate contours  is  of  importance.  This  fact  has  also  been  much 
used  in  photometry,  in  which  the  plan  is  always  to  bring  the 
lights  to  be  compared  into  immediate  juxtaposition,  without  even 
a  line  between  them,  in  order  that  contrast  may  accentuate  any 
difference  between  them. 

The  apparent  brightness  of  a  light  is  thus  dependent  on  a 
variety  of  conditions;  and  one  of  the  most  important  of  these  has 
not  yet  been  mentioned.  Brightness  depends  very  largely  on  the 
wave-length.  This  is  obvious  at  once  from  the  fact  that  the 
visible  spectrum  has  limits  much  narrower  than  the  full  solar 
rum.  The  infra-red  and  ultra-violet  rays  produce  no  sensa- 
tion of  brightness,  however  great  their  physical  energy.  At  the 
ends  of  the  visible  spectrum,  the  apparent  brightness  is  low, 
though  the  energy  of  the  rays  may  be  considerable,  especially 
at  the  red  end.     The  brightest  part  of  the  spectrum  seems  ordi- 

Iarily  to  lie  in  the  yellow,  and  this  is  not  simply  because  the 


456      TRANSACTIONS  OE   ILLUMINATING  ENGINEERING   SOCIETY 

eye  is  most  sensitive  to  rays  of  that  wave-length.  The  bright- 
ness sense  is  attuned  most  closely  to  a  wave-length  of  about  6oo 
millionths  of  a  millimeter,  and  less  and  less  closely  to  rays  differ- 
ing more  and  more  from  that  on  either  side.  This  is  true  of  our 
ordinary  or  daylight  or  light-adapted  vision.  But  in  what  is 
called  twilight  vision,  which  obtains  when  the  eye  is  dark-adapted 
and  subjected  only  to  dim  light,  the  brightness  curve  of  a  weak 
solar  spectrum  differs  considerably  from  that  of  daylight  vision. 
The  maximum  is  displaced  towards  the  green,  and  falls  at  about 
the  wave-length  525 ;  the  red  end  is  cut  short,  the  longest  waves 
no  longer  arousing  a  sensation,  and  the  short  waves  have  in- 
creased in  their  effect  by  comparison  with  the  long.  At  the 
same  time,  as  has  already  been  mentioned,  the  spectrum  loses  its 
colors  and  appears  simply  shaded  in  gray.  The  darkening  of 
the  red  in  comparison  with  the  blue  is  very  striking  and  has  long 
been  known  under  the  name  of  the  Purkinje  phenomenon.  An 
object  which  appears  of  a  bright  saturated  red  in  the  daylight 
will  become  black  in  the  twilight,  while  a  blue  which  appears 
even  less  bright  by  day  will  still  appear  distinctly  luminous  in 
twilight  vision. 

The  more  exact  study  of  the  relative  brightness  of  different 
parts  of  the  spectrum,  or  in  general  of  different  colors,  meets 
with  the  peculiar  difficulties  which  are  recognized  by  all  who 
have  undertaken  heterochromic  photometry.  The  pure  bright- 
ness effect,  which  one  desires  to  measure,  is  masked  by  the 
color  effect.  Such  comparisons  are  not  altogether  impossible, 
for  it  is  easy  to  select  a  brilliant  orange  which  every  one  would 
agree  to  be  brighter  than  a  dull  blue;  or,  again,  a  brilliant  blue 
which  every  one  would  admit  to  be  brighter  than  a  dull  orange. 
But  when  finer  comparisons  are  attempted  much  uncertainty  is 
felt,  and  some  of  the  most  experienced  students  of  the  matter  have 
expressed  themselves  as  very  sceptical  of  the  validity  of  such 
comparisons.  Observers  differ  considerably  in  equating  the 
brightness  of  different  colors ;  and  the  same  observer  is  likely 
to  vary  considerably  from  one  determination  to  another,  though 
he  tends,  with  practice,  to  settle  down  to  a  rather  fixed  habit, 
which  however  need  not  be   right. 

On  account  of  this  difficulty  in  the  direct  comparison  of  differ- 
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ent  colors,  other  methods  of  heterochromia  photometry  have  been 
introduced.  One  is  the  method  of  indirect  vision.  Since  the 
outermost  zone  of  the  retina  affords  no  distinction  of  color,  but 
only  of  brightness,  different  colors  can  be  directly  equated  there, 
without  need  of  discounting  their  color.  But  it  is  somewhat 
difficult  and  annoying  to  make  fine  comparisons  in  indirect  vision. 
Another  method  is  that  of  the  flicker  photometer,  which  has  the 
advantage  of  giving  uniform  and  rather  precise  results,  although 
the  results  are  not  universally  accepted  as  giving  the  comparative 
brightness  of  the  colors.  An  intermittent  stimulus  should, 
apart  from  the  inertia  of  the  sense  organ,  always  give  rise  to  an 
intermittent  sensation,  no  matter  how  rapid  the  rate  of  intermis- 
sion. Since  an  intermittent  light  gives  rise  to  a  steady  sensa- 
n  at  25  to  50  intermissions  per  second,  the  eye  must  be  admitted 
to  have  a  considerable  degree  of  inertia.  After  each  new 
stimulus,  the  sensation  does  not  cease  abruptly,  but  dies  away  only 
gradually,  and  the  next  stimulus  gives  a  new  upward  shove  be- 
fore the  sensation  has  perceptibly  declined  from  its  first  maxi- 
mum :  and  therefore  the  sensation  is  continuous  and  steady. 
But  if  the  stimulus  is  repeated  at  somewhat  greater  intervals, 
the  decline  from  the  first  maximum  before  the  upward  shove  of 
the  second  stimulus  may  be  sufficient  to  be  noticed  ;  and  then  an 
unsteady  or  flickering  sensation  results.  The  greater  the  inertia 
of  the  receiving  organ,  the  less  will  there  be  of  flicker,  and  the 
more  readily  can  it  be  abolished  by  increasing  the  rate  of  inter- 
mission. Again,  the  less  the  objective  difference  between  the 
alternating  stimuli,  the  less  will  be  the  flicker  and  the  more  quick- 
ly may  it  be  abolished  by  increasing  the  rate  of  alteration.  Xow 
probably  all  admit  the  physiological  distinction  between  the 
brightness  and  the  color  sense,  even  though  the  psychological 
effects  of  the  two  are  so  blended  as  to  be  hard  to  disentangle. 
If  the  inertia  of  the  color  sense  should  be  greater  than  that  of 
the  brightness  sense,  then  flicker  due  to  difference  in  brightness 
would  persist  after  flicker  due  to  difference  in  color  had  been 
abolished.  This  seems  to  be  the  fact.  For  when  two  colors 
which  differ  as  much  as  possible  in  color  tone — namely,  two 
complementary  colors,  are  first  equated  as  nearly  as  possible 
in  brightness,  the  flicker  between  them  disappears  at  a  slow  rate 


45§      TRANSACTIONS  OF   ILLUMINATING  ENGINEERING  SOCIETY 

of  alternation  in  comparison  with  the  rate  necessary  to  abolish 
flicker  between  either  of  them  and  black.1 

If  the  conclusion  is  justified  that  flicker  due  to  difference  in 
color  is  abolished  at  comparatively  low  speeds  of  alternation,  then 
the  flicker  remaining  at  higher  speeds  is  due  to  difference  of 
brightness ;  and  if  this  in  turn  is  reduced  to  a  minimum  by  ad- 
justing the  brightness  of  the  colors,  the  inference  would  be  that 
the  colors  had  now  been  made  equal  in  their  effect  on  the  bright- 
ness sense.  If  one  is  not  disposed  to  follow  this  argument  im- 
plicitly, one  might  yet  agree  that  flicker  would  be  reduced  by 
anything  which  made  the  alternating  stimuli  more  nearly  alike; 
and  if  altering  the  intensity  of  one  of  the  colored  lights  re- 
duces the  flicker  to  a  minimum — since  this  change  has  not  affected 
the  color — it  can  hardly  have  acted  otherwise  than  by  equating 
the  brightness  effect  of  the  two  stimuli. 

It  appears  possible,  then,  to  make  out  a  fairly  good  case,  in 
theory,  for  the  flicker  photometer.  But  more  reliance  will  prob- 
ably be  placed  in  a  comparison  of  the  results  of  this  method  with 
other  methods  of  heterochromic  photometry.  A  recently  intro- 
duced method,2  due  to  von  Kries,  and  called  the  minimal  field 
method,  is  based  on  the  fact  that  very  small  spots  of  color,  on  a 
white  field,  may  appear  colorless,  and,  if  properly  adjusted  in 
brightness,  may  become  indistinguishable  fro-m  the  white  back- 
ground. It  was  found  impracticable  to  bring  the  small  spot  of 
colored  light  into  foveal  vision,  the  color  sense  of  that  region 
being  too  acute.  But  a  very  few  degrees  of  eccentricity  sufficed 
to  destroy  the  color  sensation  of  the  minute  spot  of  colored  light, 
and  then  its  intensity  could  be  adjusted  till  the  spot  disappeared. 
In  this  way,  the  relative  brightness  of  different  parts  of  the 
spectrum  was  determined,  and  the  curve  of  brightness  so  ob- 
tained was  compared  with  that  obtained  by  the  method  of  periph- 
eral vision  and  with  that  obtained  by  the  flicker  method.  The  com- 
parison (Fig.  i)  shows  very  close  agreement  between  the  three 
methods.  The  maximum  in  all  three  is  very  close  to  the  wave 
length  of  600,  and  both  slopes  of  the  curve  are  as  nearly  coin- 
cident as  could  be  expected  in  view  of  the  errors  of  observation. 

The  results  of  all  these  methods  differ  in  some  important  re- 

1  P.  v.Liebermann,  Zeitschrift  f.  Sinnesphysiologie,  1911,  45,  117-128. 

2  Siebeck,  Zeitschrift  t.  Sinnesphysiologie,  1906,  41,  89. 
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spects  from  the  results  of  direct  comparison  of  different  colors ; 
and  some  authorities  are  indisposed  to  accept  any  results  which 
are  at  variance  with  the  immediate  appearance.  It  seems  wrong 
to  them  to  assert  that  a  given  red  is  darker  than  a  given  blue, 
when  the  direct  comparison  would  lead  the  observer  to  assert, 
often  with  complete  assurance,  that  the  red  is  the  brighter.  The 
question  is,  however,  whether  we  intend,  in  heterochromic  pho- 
tometry, to  study  strictly  the  brightness  sense.  The  brightness  of 
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Fig.  i. — Relative  brightness  of  different  parts  of  the  spectrum,  according  to  three 
methods  of  heterochromic  photometry.1 

colors  is  so  blended  with  their  color  effect  that  it  is  difficult — 
and  there  is  no  guarantee  that  it  is  possible — to  separate  the 
two  by  a  mere  effort  of  will  and  attention.  Everyone  admits  that 
red  is  the  most  striking  of  the  colors.  It  has  an  impressiveness 
which  is  not  identical  with  brightness,  but  which  can  not  be 
readily  dissociated  from  brightness.  It  is  probable  enough  there- 
fore that  what  the  observer  is  doing  in  photometry  by  direct 
comparison  is  to  compare  the  total  effect  or  impressiveness  of 
two   colored    lights,    rather    than    their   brightness    in    the    strict 

1  The  curves  obtained  by  the  minimal  field  and  indirect  vision  methods  are  taken 
from  Siebeck.  op.  cit.:  but  the  author  has  substituted,  for  the  curve  given  by  Siebeck 
to  represent  the  results  of  the  flicker  method,  a  curve  which  is  probably  more  reliable 
from  F.  L.  Tufts.  "Spectrophotometry  of  Normal  and  Color  Bliud  Eyes,"  Physical 
Keviezc,  1907,  25,  437. 
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sense.  Whether  this  total  impressiveness  of  a  light  is  not 
what  needs  to  be  measured  for  many  practical  purposes  is  another 
problem  to  be  worked  out  by  still  other  methods. 

No  complete  agreement  can  be  expected  between  the  re- 
sults of  different  observers,  by  whatever  method  they  attempt  to 
compare  the  brightness  of  different  colors.  What  is  measured, 
in  all  photometry,  is  of  course  a  subjective  and  not  an  objective 
phenomenon ;  it  is  the  response  of  the  eye  and  brain  to  light,  and 
not  the  physical  energy.  There  is  no  objective  fact  correspond- 
ing precisely  to  brightness  or  luminosity.  The  individual  differ- 
ences which  appear  are  therefore  not  simply  errors  of  observa- 
tion, but  indicate  that  the  response  to  light  differs  in  different 
eyes.  This  is  especially  the  case  in  regard  to  the  relative  re- 
sponse to  different  rays.  In  that  sub-class  of  the  color-blind 
called  red-blind  or  protanopic,  there  is  very  low  sensitivity  to  the 
red  end  of  the  spectrum,  so  that  a  brightness  equation  between 
red  and  green  would  come  out  very  differently  with  a  red-blind 
observer  than  with  the  average  observer.  But  it  would  be  far 
from  correct  simply  to  set  off  red-blind  individuals  as  a  special 
class,  and  regard  all  others  as  alike.  For  even  among  individuals 
who  have,  according  to  all  the  tests,  strictly  normal  color  vision, 
there  is  a  wide  variation  in  the  relative  sensitivity  to  red  and  to 
green.  Normal  individuals  vary  in  this  respect  at  least  in  the 
ratio  2  to  1,  and  apparently,  in  exceptional  cases,  as  much  as  8 
to  1.  That  is  to  say  that  one  normal  eye  has  been  found  to  be 
as  much  as  eight  times  as  sensitive  to  red  as  another,  in  com- 
parison with  the  sensitivity  to  green.  This  comparison  was  made 
by  the  flicker  method,  other  methods  also  showing  somewhat 
similar  differences.1 

Individual  differences  constitute  a  subject  of  much  psychologi- 
cal interest,  and  perhaps  the  psychologist  is  more  alive  to  the  fact 
of  such  differences  than  the  physicist  or  students  of  other  sciences. 
Whatever  function  the  psychologist  tests,  he  has  always  found 
differences  between  individuals.  These  differences  are  in  almost 
all  instances  to  be  regarded  as  differences  in  degree,  and  not  as 
differences  in  kind.  Differences  in  kind  often  result  from  the 
action  of  disease  or  injury;  and  differences  which  are  practi- 
cally differences  in  kind  arise  from  special  training,  as,  for  ex- 

1  Catharina  v.Maltzew,  Uber  indivirtuelle  Verschiedenheit  der  Helligkeitsverteilung 
im  Spektrum.  Zeitschr.  f.  Sinnesphysiologie,  1909,  43,  76-98. 
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ample,  mankind  can  very  easily  be  divided   into  those  who  can 
telegraph  and  those  who  can  not,  though  there  might  be  a  few 
doubtful    cases.     Such    sharp    divisions    of    mankind    in    mental 
functions  are  seldom  if  ever  found  as  the  result  of  native  differ- 
ences.    The  case  of  color-blindness  seems  an  exception  to  this 
rule,  since  eacli  individual  seems  to  be  born  with  either  dichro- 
matic or  polychromatic,  or,  very  rarely,  with  achromatic  vision. 
If  mankind  is  really  divisible  here  into  three  types  or  species  as 
regards  their  color  sense,  the   reason  is  that  vision   is   really  a 
compound  of  at  least  three  senses,  the  brightness  sense  of  the 
red-,   and   the   yellow-blue   and    red-green    senses   of   the   cones. 
There  is  also,  probably,  a  brightness  sense  of  the  cones,  but  a 
total  color-blindness  with  integrity  of  the  cone  brightness  sense  is, 
so  far  as  the  author  knows,  not  demonstrated.     However  this  may 
be,  it  would  seem  that  the  line  between  the  normal  and  the  red- 
green  blind  individuals   is   not   perfectly   sharp;   it   seems   to  be 
bridged  over,  to  a  degree,  by  individuals  classed  as  color  weak, 
who  may  be  regarded  as  possessing  a  red-green  sense,  but  one  of 
subnormal    efficiency.     Moreover,    it    is    certain    that    individuals 
who  are  classed  as  strictly  normal  are  yet  not  all  alike  in  color 
sense.     They  show  minor  differences,  some  being  less  sensitive  to 
red  than  others,  some  having  the  point  of  maximum  brightness  in 
the  spectrum  a  little  farther  towards  the  green  than  others,  some 
finding   somewhat   different   pairs   of   rays   complementary    from 
others.     All  these  differences  can  be  readily  understood  in  terms 
of  color  theory  if  it  be  supposed  that  the  sensitivity  of  the  several 
photochromatic    substances   differs   slightly    from  one   individual 
to  another,  and  that  the  attunement  of  each  substance  to  a  specific 
wave-length  is  al<o  capable  of  some  degree  of  variation. 

The  most   important  bearing  of  the  facts  summarized   in   the 
feolor  pyramid  is  in  relation  to  theories  of  retinal  action.     Though 
cts  are  strictly  psychological,  their  interest  is  mostly  phy- 
iological.     Most  of  the  psychological  interest  is  in  the  utiliza- 
ion  of  light  for  purposes  of  perception.     From  the  point  of  view 
Of  utility,  or  from  the  point  of  view  of  mental  life  in  general, 
the  important  thing  is  not  the  mere  occurrence  of  a  sensation  of 
<uch  and  such  brightness,  color  and  saturation,  but  the  percep- 
tion of  objects  and  of  their  qualities  and  conditions.     The  per- 
ception of  objects  depends  very  largely  on  the  ability  to  observe 
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differences  within  the  field  of  view.  The  differences  of  color 
or  brightness  serve  as  indications  of  the  outlines  and  molding  of 
objects.  One  of  the  most  elementary  acts  of  perception  is  the 
noting  of  a  difference  of  brightness ;  and  the  study  of  such  per- 
ceptions has  been  one  of  the  great  concerns  of  the  psychologist. 
How  small  a  difference  of  brightness  can  be  observed?  The 
answer  to  this  question  is  by  no  means  simple.  In  the  first  place, 
much  depends  on  the  manner  in  which  the  lights  to  be  compared 
are  presented  to  the  eye.  If  first  one  stimulus  is  presented,  and 
then,  after  an  interval  of  a  second  or  two,  another,  the  two  must 
differ  considerably  in  intensity  in  order  that  their  difference  may 
be  perceptible.  A  smaller  difference  can  be  detected  if  both 
stimuli  are  presented  simultaneously  in  different  parts  of  the 
field  of  view.  But  the  smallest  difference  can  be  perceived  when 
the  two  stimuli  are  not  only  present  together  in  the  field,  but 
when  one  immediately  adjoins  the  other,  without  so  much  as  a 
line  of  demarcation.  Even  under  these  conditions,  however,  it 
is  impossible  to  give  a  simple  expression  of  the  power  of  dis- 
crimination. One  can  not  state  that  a  difference  of  a  certain 
number  of  meter-candles  is  the  minimum  perceptible ;  for  the 
least  perceptible  difference  varies  with  the  absolute  intensity  of 
the  stimuli.  A  difference  of  a  small  fraction  of  a  meter-candle 
can  be  observed  when  the  two  adjoining  surfaces  have  each  an 
illumination  of  less  than  a  candle-meter,  where  a  difference  of  a 
thousand  meter-candles  will  pass  unobserved  when  the  surfaces 
are  very  brilliantly  illuminated.  So  familiar  is  this  fact  that  no 
one  thinks  of  expressing  the  least  noticeable  difference  in  abso- 
lute units ;  instead,  the  usual  expression  is  to  the  effect  that  the 
eye  can  distinguish  a  difference  of  brightness  when  one  surface 
is  one  one-hundredth  more  intensely  illuminated  than  the  other. 
The  fraction  varies  with  the  individual  and  his  training,  as  well 
as  with  the  conditions  of  the  observation ;  sometimes  it  may  be 
as  small  as  1/200;  but  often  considerably  larger  than  1/100.  In 
so  far  as  any  such  constant  fraction  can  properly  be  used  as  an 
expression  of  the  power  of  discrimination,  the  famous  law  of 
Weber  is  substantiated.  Weber's  law  states  that  the  least  notice- 
able difference,  for  any  given  sort  and  conditions  of  discrimina- 
tion, is  a  constant  fraction  of  the  total  stimulus.  If  Weber's  law 
were   unqualifiedly   true,   the   task   of   the   illuminating  engineer 
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would  be  limited  to  the  consideration  of  questions  of  the  color 
of  light,  since  intensity  would  be  a  matter  of  indifference  for 
purposes  of  perception.  For  if  one  of  two  surfaces  reflects  10 
per  cent,  more  light  than  another  under  one  illumination,  so  it 
does  under  any  other  illumination ;  and  the  difference  would, 
according  to  Weber's  law,  be  equally  perceptible  under  all  il- 
luminations. As  a  matter  of  fact,  Weber's  law  does  not  hold 
good  at  very  faint  or  very  intense  illumination ;  but  in  both  cases 
a  larger  fractional  difference  between  the  stimuli  is  necessary 
in  order  to  be  perceived. 

The  most  thorough  test  of  Weber's  law  in  intensity  of  light 
is  afforded  by  the  experiments  of  Konig  and  Brodhun.1  who 
operated  with  a  great  range  of  intensities,  obtaining  results  as 
shown  in  the  following:  table. 


Kijnig  and  Rrodhun's 

Meter-candles 

I_east  perceptible 

arbitrary  units 

(approximate) 

difference 

0-5 

0.9 

1/3-9 

I 

1.8 

V5-7 

0 

3-6 

1/8.3 

5 

8.9 

1/144 

10 

17.8 

1/2 1 

20 

35-6 

1/27 

50 

89 

i/33 

100 

1 78 

1/40 

200 

356 

i/45 

500 

890 

*/5i 

1,000 

1,780 

i/57 

2,000 

3,56o 

i/59 

5.000 

8,900 

1/61 

10,000 

17,800 

1/60 

20,000 

35.600 

*/S7 

50,000 

89,000 

i/47 

100,000 

178,000 

1    34 

200,000 

356,000 

1/26 

The  fractions  in  the  last  column  of  this  table  show  the  least 
noticeable  difference  in  intensity  in  relation  to  the  total  illumina- 
tion. According  to  Weber's  law,  this  fraction  should  be  in- 
dependent of  the  absolute  illumination.  When  the  whole  range 
of  intensities  is  taken  into  account,  this  is  seen  to  be  far  from 
the  truth:  the  fraction  is  large  at  small  intensities,  decreases 
steadily  with  an  increase  of  intensity,  then  remains  almost  un- 

I1  Sitzungsber.  d.  BerL  Akad.  d.  Wiss.,  1S88  and  1889. 
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changed  for  a  considerable  range  of  medium  illuminations,  and 
finally  increases  again  at  very  high  intensities.  In  strictness,  in- 
deed, the  fraction  seems  scarcely  to  remain  constant  at  all,  but 
rather  to  decrease  at  first  rapidly  and  then  slowly  to  a  mini- 
mum, beyond  which  it  at  first  slowly  and  then  more  rapidly  in- 
creases again.  If  it  be  admitted  that  the  important  thing  in 
perception  is  rather  the  noting  of  a  relative  than  of  an  absolute 
difference — since  it  is  the  relative  difference  which  remains  ob- 
jectively unchanged  under  variations  of  illumination,  and  which 
therefore  gives  valid  information  regarding  objects  themselves, 
rather  than  regarding  the  light  which  chances  to  fall  upon 
them — then  may  one  consider  perception  as  equally  good  where- 
ever  the  fraction  is  equally  small ;  and  where  the  fraction  is  at 
its  minimum  one  may  properly  speak  of  perception  as  being  at  its 
maximum  or  optimum.  Thus  the  denominator  of  the  fraction 
may  be  used  as  a  measure  of  the  goodness  of  perception,  and 
a  picture  of  the  goodness  of  perception  as  dependent  on  il- 
lumination may  be  obtained  by  simply  plotting  the  curve  of  the 
denominator.  The  curve  would  be  unwieldy  to  plot  on  account  of 
the  great  range  of  intensities,  but  inspection  of  the  table  shows 
that  it  would  rise  with  increasing  illumination,  at  first  rapidly  and 
then  slowly,  remaining  nearly  level  for  a  considerable  range  of 
medium  intensities  and  then  slowly  sinking  again.  The  nearly 
level  portion  is  that  where  Weber's  law  is  approximately  true ; 
and,  from  our  present  point  of  view,  this  law,  with  its  limitations, 
seems  simply  a  statement  of  the  fact  that  there  is  an  optimum  il- 
lumination for  observing  differences,  but  that  this  optimum  is 
in  the  midst  of  a  nearly  level  part  of  the  curve.  The  facts  in 
the  perception  of  sound,  weight,  etc.,  admit  of  a  similar  formula- 
tion. 

As  to  the  illumination  which  gives  the  optimum  perception, 
the  results  of  Konig  and  Brodhun  would  assign  about  10,000 
meter-candles  as  the  summit  of  the  curve,  with  approximate 
equality  from  below  2.000  to  above  35.000  meter-candles.  But 
this  holds  good  only  for  the  special  conditions  of  these  experi- 
ments, in  which  the  illuminated  field  was  small  and  was  viewed 
through  a  small  aperture.  Since  the  optimum  illumination  would 
undoubtedly  depend  not  only  on  the  intensity  of  the   light  but 
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also  on  the  total  quantity  entering  the  eye,  it  is  probable  that, 
under  ordinary  conditions  of  vision,  the  optimum  would  be 
reached  at  a  lower  illumination. 

Another  favorite  study  of  the  psychologist  is  the  speed  of 
reaction  to  various  stimuli.  It  is  a  curious  fact  that,  in  spite  of 
the  high  development  and  importance  of  the  sense  of  vision,  the 
reaction  to  light  is  slower  than  to  sound  or  touch.  There  is 
some  element  of  slowness  in  the  simplest  reaction  to  light.  The 
quickest  response  by  a  hand  movement  to  the  reception  of  light, 
when  nothing  need  be  attended  to  except  barely  to  move  the 
hand  as  soon  as  the  light  is  seen,  is  about  0.160  sec:  while  the 
quickest  reaction  to  sound  is  usually  below  0.150  and  may  sink 
to  0.120  or  even  to  o.  100.  Individuals  differ  considerably  in  their 
absolute  times  of  reaction,  but  agree  in  the  relative  slowness  of 
the  reaction  to  light.  Explanation  of  this  fact  is  not  yet  agreed 
upon,  and  several  possibilities  remain  open.  It  may  be  that  the 
photochemical  process  of  retinal  excitation  is  slower  than  the 
mechanical  process  that  takes  place  in  the  ear  or  skin ;  or  it  may 
be  that  the  nervous  pathways  leading  in  from  the  eye  are  less 
simple  and  direct  than  those  from  the  ear  and  skin :  or  it  may  be 
that  the  nerves  from  the  ear  and  skin  have  better  central  con- 
nections with  the  motor  nerves. 

The  reaction  time  is  inversely  related  to  the  intensity  of  the 
stimulus.  Increasing  the  intensity  of  the  light  causes  the  re- 
action time  to  decrease,  as  the  following  results1  show: 

Intensity  in  Reaction  time 

arbitrary  units  seconds 

IOO  O.I9I 

56  0.194 

25  O.197 

l6  0.202 

IO  0.208 

7  0.210 

3  0.215 

2  0.220 

0.8  0.226 

The  lowest  of  these  intensities  is  that  of  light  reflected  from 
"black"  paper,  and  is  still  distinctly  above  the  threshold :  and  the 
reaction  time  might  be  expected  to  rise  to  about  0.300  sec.  just 

1  FroeberR.   "The   Relation  between  the   Magnitude  of  Stimulus  and  the  Time  of 
action,"  New  York,  1907. 


Reaction 


466     TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 

above  the  threshold.  The  differences  in  the  above-quoted  reac- 
tion time  are  certainly  small;  and  they  are  so  masked  by  acci- 
dental variations  that  only  a  long-  series  of  trials,  with  well- 
trained  reagents,  could  give  results  as  regular  as  the  above. 
Even  slight  differences  of  speed  are  however  sometimes  of  mo- 
ment; and  the  results  with  the  simple  reaction  may  probably  be 
taken  as  indicating  that  any  process  depending  on  vision  gets 
started  more  quickly  when  the  light  is  at  least  moderately  in- 
tense than  when  it  is  feeble. 

Increasing  the  area  of  the  light  surface  causes  a  quicker  re- 
action, as  well  as  increasing  the  illumination ;  and,  within  the 
limits  of  the  "action  time,"  increasing  the  duration  of  the  light 
also  quickens  the  reaction. 

Probably  less  is  to  be  learned  from  the  study  of  the  simple  re- 
action than  from  the  study  of  what  is  known  as  the  discriminative 
reaction ;  for,  as  already  intimated,  the  most  used  power  of 
vision  is  the  perception  of  differences.  Suppose  an  oblong  card, 
white  at  one  end  and  black  at  the  other,  is  exposed  to  the  eye 
with  the  white  end  sometimes  on  the  right  and  sometimes  on  the 
left;  and  suppose  that  the  subject  is  instructed  to  move  as  quickly 
as  possible  the  hand  on  the  same  side  as  the  white.  Since  it  is 
necessary  to  discriminate  white  from  black  before  reacting,  the 
time  is  longer  than  in  the  simple  reaction ;  and  the  time  grows 
longer  still  if,  instead  of  white  and  black,  some  Other  pair  of 
stimuli  is  used  which  differ  less  one  from  the  other  than  white 
from  black,  even  though  the  difference  may  still  remain,  to 
ordinary  observation,  "just  as  easy"  to  observe  as  the  difference 
between  white  and  black.  The  following  list  of  discrimination 
times1  shows  the  facts. 

Time  of 
Stimuli  to  be  reaction 

discriminated  seconds 

White    and    black    0.197 

Red    and    green    0.203 

Red    and   blue    0.212 

Red  and  yellow   0.217 

Red   and   orange  ' 0.246 

Red  and  orange  mixed  with  25  per  cent,  red    0.252 

Red  and  orange  mixed  with  50  per  cent,  red   0.260 

Red  and  orange  mixed  with  75  per  cent,  red   0.271 

1  Henmon,  "  The  Time  of  Perception  as  a  Measure  of  Differences  in  Sensations, "  New 
York,  1906. 
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Here  again  the  differences  in  reaction  time  are  small,  but 
even  small  differences  may  have  some  practical  significance  where 
speed  is  an  object,  as  it  always  is,  for  instance,  where  any  per- 
formance must  be  continually  repeated. 

The  esthetic  or  effective  value  of  light  is  also  a  topic  lying  within 
the  province  of  the  psychologist.  Goethe  observed  that  a  landscape 
viewed  through  a  red  glass  produced  a  cheerful  impression,  but 
viewed  through  a  blue  glass  a  somber  impression.  There  is  un- 
doubtedly some  special  value  in  the  color  red  ;  for,  though  not  all 
individuals  select  this  as  their  preferred  color,  all  will  probably 
grant  it  to  possess  a  more  exciting  or  stimulating  quality  than  other 
colors.  Fere1  experimented  on  this  matter  by  placing  a  dynamom- 
eter in  a  person's  hand,  and  instructing  him  to  squeeze  it  as  hard  as 
possible,  at  the  same  time  subjecting  him  to  lights  of  varied  de- 
scription. As  compared  with  ordinary  illumination,  bright  light 
gave  a  moderate  exaltation  of  the  muscular  contractions,  and 
dim  light  produced  a  moderate  depression.  Colored  lights  had  a 
more  pronounced  effect,  all  being  found  stimulating,  but  red  the 
most  so,  and  next  orange,  then  green,  then  yellow,  then  blue.  These 
results  were  indeed  gained  from  specially  suggestible  individu- 
als ;  and  repetition  of  the  experiment  with  strictly  normal  indi- 
viduals often  fails ;  but  it  may  be  that  the  effects  are  still  present, 
but  slight  and  therefore  masked  by  other  causes  of  variation. 

Many  such  questions,  regarding  the  effect  of  different  lights 
on  perception,  reaction  and  emotional  tone,  are  of  practical  as 
well  as  scientific  interest;  and  it  is  likely  that  in  the  future  the 
psychologist  will  look  to  the  illuminating  engineer  for  data  on 
these  problems,  fully  as  much  as  the  engineer  will  look  to  the 
psychologist. 

DISCUSSION. 

John  B.  Taylor: —  I  should  like  to  ask  Prof.  Woodworth  for 
a  few  remarks  on  color-blindness  from  a  sex  point  of  view.  I 
understand  that  one  man  in  every  two  dozen  is  pretty  distinctly 
color-blind,  whereas  in  the  case  of  women  the  ratio  does  not  run 
higher  than  one  in  two  thousand.  The  laws  of  heredity  are 
definite  in  regard  to  color  blindness,  although  to  me  they  are 
somewhat  complicated. 

1  Sensation  et  mouvement,  2d.  edition,  Paris.  1900. 
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S.  IV.  Ashe  : — There  is  one  question  I  should  like  to  ask  Dr. 
Woodworth :  where  he  fails  in  the  direct  comparison  method  of 
comparing  two  lights,  red  against  green,  does  the  element  of 
fatigue  ever  affect  his  conclusions.  I  understand  the  eye  is 
fatigued  more  quickly  by  red,  and  similar  colors,  than  by  yellow. 
If  one  is  making  comparisons  between  two  different  colored  il- 
luminants,  and  the  eye  is  fatigued  more  quickly  by  one  than  the 
other,  that  might  explain  partially  why  it  is  so  difficult  to  make 
an  accurate  comparison  between  two  colors  on  the  direct  reading 
photometer. 

E.  L.  Elliott : — I  think  there  was  a  point  brought  up  in  re- 
gard to  the  photometer,  that  leads  to  the  conclusion  that  after  all 
the  practical  side  of  it  is — what  can  one  see  best  by  it  ?  It  seems 
to  me  that  side  of  photometry,  so  far  as  illuminating  engineer- 
ing is  concerned  with  it,  has  been  very  much  overlooked.  The 
object  of  light,  so  far  as  the  illuminating  engineer  is  concerned, 
is  to  see,  and  that  illumination  is  best  which  enables  one  to  see  best 
the  particular  thing  which  he  wants  to  see.  Hence  the  so-called 
acuity  vision  photometers  are  in  effect  the  only  practical  ones 
from  the  illuminating  engineer's  standpoint.  The  others  are  in- 
teresting from  the  standpoint  of  pure  science.  If  one  can  read 
under  a  certain  intensity  of  illumination  of  green  light,  and 
equally  well  under  a  certain  other  intensity  of  red  light,  then 
the  values  of  these  two  lights  for  practical  purposes  are  identical, 
whatever  they  may  show  on  a  flicker  photometer  or  any  other 
photometer. 

D.  Edgar  Rice  : — I  wish  to  make  a  suggestion  in  respect  to  Mr. 
Elliott's  statement — it  is  true  that  the  most  valuable  use  of 
photometry  is  the  practical  side  of  it — to  discover  what  light  is 
best  adapted  for  practical  purposes.  The  objection,  as  I  see  it, 
to  the  visual  acuity  photometers  is  that,  while  they  do  measure 
visual  acuity,  they  do  not  measure  intensity  of  light.  Two  differ- 
ent factors  enter  into  the  problem,  namely,  the  ability  to  see  under 
lights  of  different  colors,  and  the  comparative  intensity  of  those 
lights.  One  may  have  a  red  light,  or  a  green  light,  and  determine 
under  which  illumination  he  can  read  the  better,  but  he  is  not 
able  to  say  which  of  these  is  the  brighter  light :  it  is  the  purpose 
of  photometry  to  determine  this   question.     One   may  compare 
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these  lights  with  respect  to  their  energy  and  determine  which 
is  the  more  efficient  light,  on  the  basis  of  the  energy  entering  into 
each,  but  he  must  have  some  independent  means  of  determining 
the  relative  brightness  of  these  two  lights  before  their  visual 
acuity  can  be  compared:  and  it  is  for  this  reason  that  the  use 
of  the  photometer  is  absolutely  necessary.  A  scheme  which 
might  be  followed  in  a  problem  of  this  kind  is  to  make  the  in- 
tensity comparison  so  that  one  can  say  that  a  certain  red  light 
is  exactly  as  bright  as  a  certain  green  light ;  and  then  when  this 
equality  has  been  established,  each  light  should  be  used  for  read- 
ing to  ascertain  which  of  the  two  gives  the  greater  efficiencv. 

I  have  done  considerable  work  in  visual  acuity  with  different 
colored  lights,  and  the  results  of  my  observations  show  that  the 
red  light  is  more  efficient,  so  far  as  visual  acuity  is  concerned, 
than  the  other  colors.  It  is  about  equal  in  efficiency  to  il- 
lumination from  the  ordinary  carbon  filament  lamp.  With  some 
observers  it  is  higher,  and  with  some  lower.  Of  the  three  colors, 
red,  green  and  blue,  the  red  gives  the  highest  efficiency,  and  the 
green  is  considerably  better  than  the  blue.  I  expect  to  do  more 
work  on  this  subject,  to  determine  the  matter  with  greater 
accuracy,  but  I  think  these  results  may  be  accepted  as  practically 
correct. 

I  think  that  the  element  of  glare  is  one  which  enters  into  the 
problem  of  visual  acuity.  In  lights  in  which  there  is  a  pre- 
dominance of  green  and  blue  wave-lengths,  there  is  more  glare 
than  there  is  in  the  red,  and  I  think  that  is  to  a  great  extent  the 
cause  of  the  difference.  If  one  looks  at  black  characters  on  a 
white  sheet  illuminated  by  red  light,  the  black  stands  out  clearly, 
whereas  if  the  same  characters  are  observed  with  either  green  or 
Mue  illumination  the  same  degree  of  distinctness  will  not  be 
perceptible. 

Dr.  A.  H.  Elliott:— h  seems  to  me  that  the  psychological  side 
Of  light  is  a  most  practical  one,  and  one  which  can  be  applied 
n  the  every  day  problems  of  illumination  to  a  far  greater  extent 
than  one  might  perhaps  at  first  realize.  So  is  psychology  re- 
ted  to  esthetics.  The  conditions  of  feeling,  tone  and  atmos- 
phere may  not  be  elements  which  appeal  to  the  purely  mechani- 
cally inclined   designer  of  lighting  installations,   yet  they  have 
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more  meaning-  and  stand  for  much  more  in  the  application  of 
light  than  saying  that  there  is  such  an  intensity  of  foot-candles 
or  so  many  effective  lumens  per  watt  in  that  installation. 

Prof.  Woodivorth:—A  question  has  been  asked  regarding 
color-blindness  in  its  relation  to  sex.  I  think  it  is  true,  as  the 
speaker  said,  that  about  one  in  twenty  to  twenty-five  males 
appears  to  be  color-blind  in  the  form  which  I  call  red-green 
blindness.  Those  who  are  afflicted  with  total  color-blindness  are 
extremely  rare.  I  think  perhaps  from  fifty  to  one  hundred  cases 
have  been  scientifically  tested  and  proved  within  thirty  years, 
although  very  likely  more  than  that  number  have  existed.  The 
totally  color-blind  eye  has  an  apparent  lack  of  the  cone  sense,  and 
a  consequent  ill  adaptation  to  bright  light  and  lack  of  sharp 
vision.  Such  an  individual  is  often  betrayed  by  the  fact  that 
he  cannot  hold  his  eyes  steadily.  The  reason  is  that  the  person 
who  lacks  the  cone  sense  has  no  foveal  vision,  and  must  look 
aside,  and  in  doing  that  he  goes  against  the  physiological  ten- 
dency of  fixation.  The  subject  of  total  color-blindness  has 
been  worked  out  in  a  very  interesting  manner  from  that  point 

of  view. 

It  it  well  known  that  the  color-blind  person  cannot  be  safely  al- 
lowed charge  of  an  engine  or  boat,  nor  can  he  be  recommended  as 
a  purchaser  of  dry  goods,  and  he  is  precluded  from  many  occupa- 
tions. I  know,  a  number  of  such  individuals  in  thoroughly  good 
health  who  have  excellent  use  of  the  eyes  for  all  practical  pur- 
poses, perfectly  normal,  in  all  respects,  aside  from  the  fact  that 
they  are  color-blind.  They  may  not  know  it,  and  may  simply 
think  they  have  a  little  difficulty  in  distinguishing  colors. 

Color-blindness  can  be  tested  by  rather  simple  means,  and  with- 
out much  scientific  study.  In  females  it  is  true,  a  comparatively 
small  fraction  are  supposed  to  be  color-blind.  There  has  been 
some  doubt  raised  as  to  whether  the  results  are  quite  correct,  and 
whether  females  are  not  influenced  by  the  greater  keenness  of 
the  feminine  mind  in  not  being  caught  in  making  mistakes  in  the 
selection  of  colors.  It  is  a  matter  of  pride  with  them,  and  a 
social  necessity  among  them.  That  may  occasion,  as  it  does 
with  a  color-blind  man,  some  compensation  for  color-blindness 
by  his   extra   careful   attention  to   saturation   and  brightness  of 
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yellow  or  blue  effects.  Many  color-blind  people,  who  realize 
their  deficiency,  train  themselves  to  be  unusually  careful  in  the 
selection  of  colors.  Prof.  Hayes,  of  Mt.  Holyoke  College,  for 
women,  has  been  testing  a  considerable  number  of  individuals, 
and  he  finds  a  larger  proportion  of  them  than  is  usually  supposed 
to  be  color  blind  or  color  weak.  There  is  no  doubt  that  a  some- 
what lower  fraction  of  women  than  men  are  color-blind.  The 
whole  thing  is  hereditary,  and  not  subject  to  reduction  by  train- 
ing. All  color  tests,  which  required  a  careful  matching  of 
colors,  seems  to  show  that  the  average  woman  is  better  in  match- 
ing than  the  average  man. 

A  question  was  asked  regarding  fatigue  in  photometry.  As 
far  as  I  understand  that  matter,  the  theory  is  this :  The  red 
and  green  processes  are  more  readily  fatigued  than  the  yellow 
and  bilue.  Fatigue  is  least  with  the  white  and  black,  with  the 
yellow  and  blue  following,  and  then  come  finally  the  red  and 
green.  If  one  looks  at  a  colored  light,  it  appears  that  the  red 
light  will  produce  an  element  of  fatigue  before  the  yellow  light. 
If  two  lights,  red  and  green,  of  equal  brilliance,  are  compared, 
I  do  not  think  that  there  will  be  any  difference  in  the  result  from 
the  standpoint  of  fatigue.  If  one  compares  two  that  are  un- 
equally mixed,  yellow  and  the  other  twro,  it  might  cause  a  change. 
But  this  would  probably  affect  only  the  color,  and  not  the 
brightness  equation.  The  only  experiments  I  know  of  rel- 
ative to  fatigue  in  photometric  work  are  the  negative  results  of 
Prof.  Tufts,  in  comparing  different  parts  of  the  spectrum,  in  one 
case  with  a  fresh  eye,  and  in  another  case  with  a  fatigued  eye; 
he  got  the  same  curve  of  brightness  in  both  cases.  I  suppose, 
as  far  as  I  can  gather,  that  one  would  be  safe  in  photometric 
work  in  neglecting  the  question  of  color  fatigue. 
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COUXCtL  NOTES. 


The  council  held  a  meeting  June  9th,  in  the  general  office,  29 
West  Thirty-ninth  Street,  New  York.  Those  in  attendance  were 
James  T.  Maxwell,  vice-president ;  A.  S.  McAllister,  L.  B. 
Marks,  chairman  of  the  finance  committee ;  George  Ross  Green 
and  Preston  S.  Millar,  general  secretary. 

Monthly  reports  were  accepted  from  the  secretary  and  the 
chairman  of  the  finance  committee.  In  the  secretary's  report  the 
total  membership  was  given  as  1,480  members,  which  figure  did 
not  include  the  applications  on  hand.  The  report  of  the  finance 
committee  constituted  an  approval  of  the  May  vouchers  aggregat- 
ing $391.72.  Payment  of  these  vouchers  was  authorized  by  the 
council. 

From  the  committee  on  policy  the  following  report  was  re- 
ceived and  accepted : 

The  first  meeting  of  the  committee  was  held  in  the  general  office 
of  the  society  on  the  afternoon  of  May  19,  1911.  All  the  members  of 
the  committee— President  A.  E.  Kennelly  and  Messrs.  Louis  Bell,  W. 
H.  Gartley,  L.  B.  Marks,  E.  P.  Hyde,  V.  R.  Lansingh,  C.  H.  Sharp,  and 
P.  S.  Millar — were  present. 

The  business  which  came  before  the  committee  consisted  of  the 
suggestions  of  the  committee  on  section  development,  certain  suggestions 
made  by  individual  members  of  the  society,  and  suggestions  offered  at 
the  meeting  by  members  of  the  committee.  As  a  result  of  their  de- 
liberations the  committee  desires  to  make  the  following  recommenda- 
tions to  the  council : 

More  determined  efforts  should  be  made  to  obtain  manuscripts  of 
papers  sufficiently  in  advance  of  section  meetings  to  permit  advance 
copies  to  be  issued  with  a  view  to  promoting  oral  and  written  discus- 
sion. 

A  committee  on  reciprocal  relations  with  other  societies  should  he 
appointed.  This  committee  should  investigate  the  feasibility  of  extend- 
ing co-operative  work  and  should  consider  ways  and  means.  If  prac- 
ticable, other   societies   should  be   advised  that,   if  at   any  time   they  de- 
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sire  to  devote  a  meeting  to  some  subject  in  the  field  of  illumination, 
the  society  is  inclined  to  co-operate  if  desired.  The  work  of  this  com- 
mittee might  comprehend  plans  for  the  holding  of  occasional  meetings 
under  the  auspices  of  the  society  in  cities  where  there  are  not  sections 
of  the  society. 

Sections  of  the  society  at  large  should,  as  opportunities  arise,  hold 
joint  meetings  with  correlated  societies.  It  is  desirable  to  let  it  be 
known  that  the  society  is  prepared  to  hold  joint  meetings,  assuming  its 
share  both  in  the  way  of  presentation  and  discussion  of  papers  and  of 
costs,  with  the  understanding  that  desirable  papers  may  appear  in  the 
Transactions  of  all  organizations  which  join  in  the  meeting. 

It  is  desirable  for  each  section  to  have  a  papers  committee  which 
should  work  in  close  touch  with  the  committee  on  papers. 

Some  means  of  assuring  closer  co-operation  of  council  and  sec! ion 
boards  is  desirable.  Great  care  should  be  exercised  by  the  nominating 
committee  in  selecting  vice-presidents  with  a  view  to  securing  for  these 
important  offices  men  who  will  be  active  both  in  the  council  and  on  the 
section  boards. 

To  assure  reasonable  handling  of  section  elections,  the  following 
scheme  of  election  is  recommended  for  adoption  as  a  by-law. 

Not  later  than  April  ist  of  each  year,  the  board  of  managers  of  a  section  shall 
appoint  a  nominating  committee  of  five  members  of  the  society,  of  whom  at  least  two 
shall  be  past  officers  of  the  section.  This  committee  shall  submit  a  list  of  nominations 
for  section  officers  to  the  general  secretary  not  later  than  May  ist.  If  the  term  of  office 
of  the  vice-president  representing  the  section  shall  expire  at  the  end  of  the  year,  such 
list  shall  include  the  names  of  five  members  suggested  for  consideration  for  the  office  of 
vice-president.  The  list  shall  be  submitted  to  the  section  membership  with  the  notifica- 
tion of  the  June  meeting.  Election  of  officers  shall  be  held  at  the  June  meeting  of  the 
section  and  shall  be  by  ballot.  At  the  same  meeting  three  names  from  among  the  five 
suggested  for  the  office  of  vice-president  by  the  nominating  committee  shall  be  sub- 
mitted to  the  board  of  nominations  which  meets  in  November. 

A  committee  should  be  appointed  to  prepare  for  publication  an 
elementary  discussion  of  the  principles  of  good  illumination,  including 
of  course  only  such  points  as  are  established  beyond  peradventure  and 
which  the  membership  of  the  society  can  endorse.  The  widest  prac- 
ticable publicity  should  be  given  such  discussion,  both  in  the  popular 
press  and  through  the  society's  own  publication. 

A  prospectus  should  be  prepared  for  use  in  promoting  the  society's 
welfare. 

The  committee  advises  against  certain  proposals,  as   follows : 

It  is  not  desirable  at  this  time  to  establish  a  class  of  resident  mem- 
bers. 

It  is  not  desirable  to  make  all  members  of  the  council  ex-officio 
members  of  the  board  of  managers  of  the  nearest  section. 
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It  is  not  desirable  to  substitute  the  report  of  a  committee  for  the 
stenographer's  verbatim   report  of   discussion  at  section   meetings. 

It  is  not  desirable  at  this  time  to  specify  which  of  the  section  offi- 
cers is  the  executive  chiefly  responsible  for  the  conduct  of  the  sections' 
affairs.  For  the  present  at  least  it  is  considered  preferable  to  permit 
each  section  board-  to  determine  this  in  a  manner  best  fitting  its  local 
conditions. 

The  committee  discussed  at  length  a  proposal  to  recommend  a 
change  in  conduct  of  sections  or  section  organization.  To  remedy  cer- 
tain unsatisfactory  features  of  the  present  situation  and  to  assure  more 
effectiveness,  it  was  thought  that  quarterly  meetings  might  be  held  in 
the  cities  where  section  headquarters  are  located  or  in  other  cities, 
each  meeting  to  form  a  small  convention  and  being  of  sufficient  im- 
portance in  both  number  and  quality  of  papers  to  bring  out  an  attend- 
ance from  other  cities.  This  plan  might  be  more  effective  than  the 
present  plan  of  holding  monthly  meetings  in  four  cities.  It  was  con- 
cluded that  the  time  is  not  ripe  for  final  consideration  of  such  a  pro- 
posal and  it  is  recommended  that  the  matter  be  discussed  at  the  meeting 
of  all  section  officers  which  will  probably  be  held  at  the  time  of  the 
next   annual   convention. 

A.  E.  Kennelly,  Chairman, 

Louis  Bell, 

W.   H.   Gartley, 

E.  P.  Hyde, 

V.  R.  Lansingh, 

L.  B.  Marks, 

C.  H.   Sharp, 

P.   S.   Millar. 

It  was  resolved  that  the  foregoing  report  be  approved  by  the 
council,  submitted  to  the  president  for  action,  and  printed  in  the 

TRANSACTIONS. 

It  was  resolved  that  a  vote  of  thanks  be  extended  to  the  com- 
mittee on  policy  for  their  prompt  and  comprehensive  report. 

A  resolution  was  passed  authorizing  the  president  to  appoint 
a  committee  to  prepare  a  primer  embodying  the  principles  of 
good  illumination. 

A  recommendation  that  the  president  be  authorized  to  appoint 
delegates  to  attend  the  International  Congress  of  Applied  Elec- 
tricity in  Turin  was  received  from  the  executive  committee.  A 
resolution  to  that  effect  was  adopted. 

I  A  committee  was  appointed  to  revise  the  constitution  and  by- 
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SECTION    MEETINGS. 


CHICAGO    SECTION. 

The  concluding  meeting  of  the  season  was  held  by  the  Chicago 
section  at  the  Kuntz-Remmler  Restaurant  directly  after  luncheon 
on  June  15th.  The  Chicago  convention  committee  reported  prog- 
ress through  its  chairman,  Mr.  G.  C.  Keech.  Extracts  from 
the  report  of  the  committee  on  policy  were  read  by  Secretary 
Bernhard.  The  nominating  committee  reported  through  Mr. 
Keech  the  following  list  of  nominees  for  section  officers  for  the 
ensuing  fiscal  year :  Chairman,  R.  F.  Schuchard ;  secretary, 
A.  L.  Eustice ;  managers,  Charles  A.  Luther  and  A.  J.  Morgan. 
These  were  elected  by  joint  ballot. 

Mr.  W.  D.  Bradley  then  presented  his  paper  on  "Natural  Day- 
light Illumination."  This  was  discussed  by  Messrs.  G.  C.  Keech, 
J.  R.  Cravath,  F.  A.  Vaughn,  C.  A.  Luther,  T.  H.  Aldrich,  F. 
J.  Pearson,  C.  C.  Schiller  and  W.  D.  Bradley. 

NEW     YORK     SECTION. 

The  New  York  section  held  its  'last  meeting  of  the  season 
June  8th.  Mr.  S.  W.  Ashe  read  two  papers,  one  "A  Corpora- 
tion Graduate  Course  in  Illuminating  Engineering"  and  the 
other  "Notes  on  Comparison  of  Illuminants."  The  latter  paper 
called  forth  considerable  discussion.  Both  papers  appear  else- 
where in  this  issue  of  the  Transactions. 

The  following  officers  for  the  ensuing  season  were  elected  : 
Chairman,  Bassett  Jones,  Jr. ;  managers,  H.  T.  Owens  and  Mr. 
H.  H.  Seabrook.     Mr.  A.  J.  Marshall  was  reelected  secretary. 

NEW    ENGLAND   SECTION. 

The  New  England  section  concluded  its  season  at  a  meeting 
held  June  12th.  The  meeting  was  devoted  to  a  discussion  of 
Mr.  S.  W.  Ashe's  paper  "Notes  on  Comparison  of  Illuminants." 
which  was  read  at  the  New  York  section  meeting  June  8th.  As 
in  the  case  of  the  latter-mentioned  meeting,  the  paper  elicited 
much  discussion. 

PHILADELPHIA  SECTION. 

At  the  last  meeting  of  the  current  season  held  June  16th,  the 
Philadelphia  section  elected  the   following  officers   for  the  next 
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season:  chairman,  J.  D.  Israel;  secretary,  L.  B.  Eichengreen; 
managers,  C.  W.  Wardell  and  Prof.  A.  J.  Rowland.  Two 
papers ;  "Filament  Ignition  of  Gas"  and  "The  Lighting  of  a 
Garage  by  Electricity*'  were  read  by  Mr.  Howard  Lyon  and 
Mr.  R.  N.  Zeek  respectively.  Both  papers  were  discussed  at 
length. 


THE    1911   CONVENTION. 

The  fifth  annual  convention  of  the  society  will  be  held  in 
Chicago  September  25th,  26th  and  27th.  A  definite  program  has 
not  yet  been  arranged,  but  the  plans  under  way  augur  well  for 
an  unusually  successful  convention.  The  attendance  is  expected 
to  be  not  only  a  record  one,  but  more  indicative  of  the  national 
aspects  of  the  society  than  any  of  the  previous  conventions  which 
were  all  held  in  the  East.  Among  the  papers  to  be  presented 
there  are  several  which  will  constitute  notable  contributions  to 
the  literature  on  illuminating  engineering. 
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MILL  LIGHTING.1 


BY  G.  H.  STICKNEY. 


Mills  embrace  a  wide  range  of  manufacturing,  largely  where 
processes  are  continuously  repeated.  From  the  lighting  stand- 
point, there  is  more  difference  between  different  kinds  of  mills 
than  there  is  between  mills  and  factories.  For  example,  the 
lighting  of  textile,  flour,  steel  and  powder  mills,  are  each  radi- 
cally different  from  the  others,  while  a  print  works  may  resemble 
a  textile  mill  in  some  of  its  processes,  or  an  iron  works  or  iron 
foundry  may  resemble  a  steel  mill. 

Owing  to  the  difference  in  commercial  conditions  and  re- 
quirements, the  improvements  in  illumination  obtainable  with  the 
recent  developments  in  illuminants  were  first  applied  in  store 
lighting.  The  value  of  improved  illumination  was  not  so  evident 
to  mill  operators  as  it  was  where  commercial  competition  of 
salesmanship  created  a  demand  for  more  light.  In  mills  and 
other  industrial  establishments  economy  is  apt  to  delay  the  adop- 
tion of  new  improvements  requiring  an  initial  expenditure.  How- 
ever, economy  is  the  very  demand  which  is  to-day  compelling 
the  adoption  of  the  new  lighting  units  and  improved  methods  for 
mill  lighting. 

PURPOSE  OE  LIGHTING. 

The  fundamental  and  primary  purpose  of  mill  lighting  should 
be  to  insure  safety  to  the  employee.  The  second  and  usually  the 
severer  requirement  is  economy  of  production.  All  must  clearly 
understand  that  the  light  in  the  mill  is  for  the  use  of  the  em- 
ployee, to  enable  him  to  see  to  perform  his  duties  safely  and 
expeditiously. 

Last  fall,  the  author  had  the  privilege  of  attending  a  conven- 
tion of  iron  and  steel  electrical  engineers.  The  keynote  of  the 
entire  discussion,  which  lasted  for  five  days,  was  safety.  The 
importance  assigned  to  this  subject  would  certainly  surprise  those 
who  hold  the  popular  opinion,  that  the  steel  manufacturers 
are  careless  with  human  life.     Suitable  illumination  was  rightly 

1  A  paper  read  before  a  meeting  of  the  Philadelphia  section  of  the  Illuminating  Engi- 
neering Society,  May  19,  191 1. 
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credited  as  one  of  the  principal  factors  in  the  prevention  of  ac- 
cidents. 

Mr.  E.  L.  Elliott,  published  recently  in  the  Illuminating  Engi- 
neer, some  curves  prepared  by  Mr.  John  Calder,  giving  statistics 
of  the  number  of  fatal  accidents  occurring  in  some  80,000  shops 
and  factories  throughout  a  period  of  three  years.  These  curves 
showed  that  the  number  of  accidents  in  the  darkest  winter  months 
was  approximately  40  per  cent,  more  than  during  the  summer 
season.  The  conclusion  drawn  was  that  inadequate  illumina- 
tion was  responsible  for  the  increased  number  of  accidents  during 
the  winter  season.  It  is  of  course,  evident  that  humanitarian 
considerations  demand  a  good  illumination.  It  is  just  as  true, 
though  not  perhaps  quite  so  thoroughly  understood,  that  busi- 
ness considerations  demand  suitable  illumination,  not  only  in 
order  to  insure  the  safety  of  employees,  but  also  to  obtain  the  best 
economy  of  production. 

VALUE  OF  GOOD  ILLUMINATION. 

With  proper  illumination  it  is  possible  to  obtain  a  larger  pro- 
duction, and  a  better  grade  of  product,  with  a  smaller  loss  of 
material  through  defects  or  breakage.  The  gain  in  any  one  of 
these  three  factors,  will  almost  invariably  more  than  outweigh  the 
cost  of  reasonably  good  illumination. 

While  accurate  data,  as  to  the  relation  between  cost  of  illumi- 
nation and  the  cost  of  product  output  is  not  available,  it  is 
readily  seen  that  the  lighting  cost  is  relatively  small.  State- 
ments have  been  made  and  quoted  by  recognized  engineers  to 
the  effect  that  the  cost  of  good  illumination  is  about  one-half  of 
one  per  cent,  of  the  wages  of  the  workmen  benefitted  by  it. 
In  connection  with  the  lighting  of  a  paper  mill  the  superintend- 
ent made  a  rough  estimate  that  the  cost  of  the  lighting — 24 
hours  operation — was  less  than  the  value  of  the  output  for  five 
minutes,  or  about  one-third  of  one  per  cent.  The  gain  in  quan- 
tity of  output  alone  does  not  have  to  be  large  to  fully  repay  the 
lighting  cost. 

Certain  steel  manufacturers  are  now  making  a  careful  study 
of  their  lighting  from  the  standpoint  of  economy,  and  are  col- 
lecting considerable  data  as  to  the  amount  of  light  necessary 
for  the  proper  performance  of  certain  processes.     Any  investiga- 
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tion  of  this  kind  is  bound  to  bring  out  the  great  gain  which 
can  be  made  in  an  average  manufacturing  plant  by  the  pro- 
vision of  suitable  illumination.  It  will  also  show  that  by  the  use 
of  modern  efficient  illuminants,  properly  equipped  and  located, 
the  gain  can  be  made  without  a  large  increase  in  the  cost  of 
lighting  and,  in  fact,  often  with  a  reduction  in  cost.  In  many 
cases  such  improvements  are  retarded  by  the  fact  that  obsolete 
lighting  equipment  represents  a  relatively  large  investment  of 
money.  The  expenditure  necessary  to  modernize  lighting  in  any 
mill  is  a  relatively  small  item  compared  with  the  cost  of  the 
year's  operation,  and  if  capitalized  according  to  the  usual  prac- 
tice of  figuring,  depreciation  and  interest  will  prove  a  compara- 
tively small  item. 

THE    WORKMAN. 

Attention  has  already  been  called  to  the  fact,  that  the  light  is 
provided  for  the  use  of  the  workmen  and  should,  therefore,  be 
suited  to  their  needs.  One  must  not  make  the  mistake,  how- 
ever, of  trying  to  humor  their  whims.  The  average  workman  is 
not  an  illuminating  engineer.  Unfortunately,  he  often  fails  to 
realize  it.  It  has  been  observed  that  when  the  workman  is  al- 
lowed to  use  his  own  ideas  he  is  inclined  to  use  bare  glaring 
lights,  so  that  they  shine  in  his  own  eyes  or  those  of  his  fellow- 
workmen.  This  results  in  the  demand  for  an  intensity  several 
times  greater  than  is  really  necessary,  and  instead  of  facilitating 
his  work  actually  retards  it  and  injures  his  eyes.  An  interest- 
ing case  of  this  sort  was  reported  some  time  ago  by  Mr.  L.  B. 
Marks,  who  found  that  the  workmen  in  a  particular  factory 
were  able  to  work  satisfactorily  with  a  daylight  intensity  of  8 
foot-candles  but  insisted  that  they  required  72  foot-candles  under 
artificial  lighting.  By  rearranging  the  lighting,  he  was  able 
to  provide  evenly  diffused  illumination  of  reasonable  intensity 
which  was  not  only  much  better  for  the  workmen  but  reduced 
the  lighting  cost. 

It  is  very  important,  therefore,  in  redesigning  the  lighting  of 
any  industrial  plant  to  study  and  determine  the  real  needs  and 
then  install  the  lighting  in  such  way  as  to  bring  it  as  little 
as  possible  to  the  attention  of  the  workman,  avoiding  any  sug- 
gestion that  he  can  have  it  changed  as  desired. 
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In  actually  planning  a  mill  lighting  installation  there  are  three 
principal  factors  to  be  considered,  in  order  to  secure  the  best 
possible  result :  first,  process  to  be  lighted ;  second,  construc- 
tion of  the  building;  and,  third,  the  illuminant  available. 

PROCESSES. 

In  many  important  processes  the  requirements  are  similar 
and  the  difference  in  lighting  is  principally  one  of  degree.  Cer- 
tain other  processes  are  special  and  require  particular  treatment. 
In  order  that  the  lighting  may  be  suited  to  its  purpose,  it  is  nec- 
essary that  the  process  should  be  understood  so  as  to  ascertain 
the  way  in  which  the  workmen  will  use  the  illumination.  For 
example,  in  the  illumination  of  a  lathe  it  is  desirable  that 
the  strongest  light  should  fall  on  the  tool  point.  The  simplest 
way  of  obtaining  this  result  is  to  make  sure  that  the  nearest 
light  source  is  in  front  of  the  lathe  bed  to  the  right  and  above 
the  tool  level.  If  this  direction  of  light  cannot  be  obtained  ad- 
vantageously with  a  general  illumination,  it  will  usually  be  nec- 
essary to  supply  a  small  portable  lamp. 

It  is  obviously  impossible  to  fully  discuss  all  mill  processes 
fully  in  a  single  paper,  but  a  few  comments  on  some  important 
operations  may  serve  as  useful  suggestions. 

PAPER   MILLS. 

In  the  lighting  of  a  paper  mill  the  processes  of  grinding  and 
treating  do  not  require  a  very  high  degree  of  illumination.  The 
paper  machine  usually  constitutes  the  principal  lighting  prob- 
lem. The  required  intensity  of  illumination  is  not  very  high, 
but  quite  frequently  the  lighting  is  handicapped  by  the  presence 
of  steam  and  vapor.  In  some  cases  the  machines  are  hooded,  so 
that  all  the  illumination  must  be  received  from  the  sides.  It  can 
readily  be  seen  that  any  break  or  interference  requires  a  stoppage 
of  the  entire  machine,  so  that  it  is  very  important  that  the 
illumination  be  absolutely  reliable  and  ample  to  permit  quick 
and  easy  adjustments.  In  case  of  a  break  in  the  fabric  it  is 
necessary  for  the  workman  to  see  to  thread  the  end  through  the 
machine  quickly.  Each  minute  of  shutdown  means  a  consider- 
able loss  of  output.  Most  of  the  paper  mill  machinery  has  in 
the  past  been  lighted  by  portable  lamps.     I  believe  better  results 


482      TRANSACTIONS  OF   ILLUMINATING  ENGINEERING  SOCIETY 

can  be  obtained  by  means  of  40-  or  60-watt  tungsten  lamps 
with  directing  reflectors  permanently  installed  along  the  sides  of 
the  machine  at  a  sufficient  height  to  protect  them  from  breakage. 

TEXTILE  MILLS. 
Textile  mills  include  cotton,  woolen,  silk  and  thread  mills.  As 
far  as  lighting  is  concerned  this  class  might  also  include  knitting 
mills,  print  works  and  all  textile  dye  houses.  The  lighting  re- 
quirements for  cotton,  linen,  wool  and  silk,  corresponds  some- 
what for  similar  processes,  varying  in  degree,  in  that  the  darker 
and  finer  grades  of  goods  require  higher  intensity  and  better  il- 
lumination than  the  coarser  and  lighter  colored  grades.  In  all 
these  textile  mills  the  illumination  requirement  becomes  more 
severe  as  the  finishing  process  is  approached.  That  is,  the 
weaving  and  inspecting  require  better  illumination  than  the  break- 
ing, carding  or  spinning.  In  lighting  a  weave  room  the  size  and 
arrangement  of  the  looms  should  be  considered  in  determining 
the  size  and  location  of  lighting  units.  Especially  with  high 
looms  care  must  be  taken  to  locate  lamps  so  as  to  avoid  objec- 
tionable shadows.  It  is  necessary  for  the  operator  to  see  the 
separate  threads  of  the  warp  and  detect  breakage  or  other  ir- 
regularities in  the  weave.  The  breakage  of  a  single  thread,  if 
not  immediately  detected,  may  spoil  a  valuable  piece  of  cloth. 
After  weaving,  the  cloth  is  usually  inspected  on  the  tables  or 
reels  and  a  relatively  high  intensity  of  light  is  required,  espec- 
ially with  black  goods.  In  some  cases  daylight  quality  of  light 
is  necessary.  In  dye  rooms  a  moderate  illumination  is  all  that 
is  required,  except  for  the  inspector's  office  where  a  color  match- 
ing light  is  required  for  the  illumination  of  samples. 

STEEL  MILLS. 
In  steel  mills  the  best  result  is  generally  obtained  with  general 
illumination.  In  hot  rolling  mills  it  is  only  necessary  to  provide 
a  sufficient  light  to  permit  the  employees  to  move  around  with 
safety.  In  this  process  the  red  hot  billets  furnish  sufficient  il- 
lumination for  the  working  of  the  processes.  In  fact,  more  is 
demanded  from  the  lighting  equipment  when  there  are  no  billets 
going  through  the  mill.  All  processes  where  powerful  machinery 
or  overhead  cranes  are  present  require  moderate  illumination  to 
insure  safety. 
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DIFFUSION  AND  DIRECTION  OF  LIGHT. 

Diffusion  and  direction  of  light  are  two  important  character- 
istics of  good  mill  lighting.  If  the  diffusion  is  good,  the  re- 
quirements for  direction  are  less  severe ;  and  on  the  other  hand 
with  suitable  direction  of  light  it  is  possible  to  get  along  satis- 
factorily with  less  diffusion.  A  combination  of  glare  and  wrong 
direction  of  light  is  a  common  and  serious  fault.  Diffusion  is 
usually  obtained  by  the  use  of  translucent  glassware,  or  diffusing 
reflectors.  It  is  invariably  accompanied  by  a  loss  of  light,  which 
is  to  a  certain  extent  dependent  upon  the  degree  of  diffusion 
obtained.  Particularly  where  considerable  dust  and  flyings  are 
present  accumulations  of  dirt  on  the  glassware  tend  to  reduce 
the  glare  and  also  to  increase  the  loss  of  light.  In  such  cases 
the  use  of  clear  glassware  is  not  so  objectionable  as  would 
appear  at  first  thought.  Frosted  glass  and  rough  surfaces  tend 
to  facilitate  the  accumulation  of  dirt  and  dust  and,  hence,  should 
not  be  used  in  such  places.  Glare  is  almost  always  objectionable.  I 
remember  but  one  case  having  been  called  to  my  attention  where 
glaring  lights,  as  such,  were  desired.  This  occurred  in  a  steel 
mill  where  the  men  working  with  red  hot  billets  preferred  a 
rather  glaring  light.  The  explanation  for  this  choice  was  that 
the  continual  readjustment  of  the  eyes,  occasioned  by  looking 
away  into  the  dark  part  of  the  mill,  caused  considerable  eye  strain. 

DISTRIBUTION. 

Another  important  feature  of  mill  lighting  is  the  distribution 
of  light.  The  workman's  attention  is  most  readily  directed  to 
points  where  there  is  high  illumination.  Whether  the  lighting 
should  be  approximately  uniform  or  concentrated  in  spots,  de- 
pends upon  the  nature  of  the  work.  Usually  there  are  places  in 
mills  which  require  more  intense  illumination  than  other  parts. 
In  some  cases  it  is  practicable  to  arrange  the  lighting  so  that 
the  most  important  machinery  receives  the  strongest  light  while 
the  intensity  grades  off  to  the  less  important  parts  of  the  room. 
The  danger,  however,  is  that  the  spotted  lighting  will  not  vary 
according  to  the  requirements.  For  example,  in  weaving,  the 
warp  requires  approximately  equal  illumination  for  its  full 
width.     A  bright  spot  of  light  in  the  middle  of  the  warp  may 
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interfere    with    proper    observation   of   the    ends,    rendering   the 
lower  intensity  less  effective  by  contrast. 

GENERAL    ILLUMINATION    VERSUS    LOCALIZED    ILLUMINATION. 

A  few  years  ago  there  began  to  grow  up  two  distinct  classes 
of  practise  with  regard  to  lighting,  which  have  been  designated 
"general  illumination"  and  "local  illumination."  The  use  of  the 
incandescent  lamp  favored  local  illumination,  because  of  the 
relatively  inefficient  units  then  available.  The  use  of  the  arc 
lamp  favored  general  illumination  because  of  the  inherent  high 
capacity  of  the  unit.  The  breach  between  the  two  methods  of 
lighting  appeared  to  be  widening  until  the  advent  of  the  tungsten 
filament  lamp  provided  an  intermediate  sized  efficient  unit.  To-day 
there  are  certain  problems  which  distinctly  favor  localized  il- 
lumination, while  others  can  best  be  solved  by  general  illumina- 
tion. In  the  majority  of  mill  lighting  problems,  however, 
neither  of  these  extremes  provides  the  best  solution.  The  tend- 
ency to-day  is  to  provide  a  relatively  even  intensity  of  illumina- 
tion with  moderate  sized  units  which  can  be  arranged  to  con- 
centrate the  intensity  where  desired,  and  also  to  provide  suit- 
able direction  of  light.  There  are  still  some  processes  which  re- 
quire the  use  of  localized  illumination  from  a  portable  lamp  to* 
insure  proper  penetration  of  light.  In  all  probability,  this  ex- 
travagant method  of  illumination  will  always  be  required  in  a 
few  special  cases.  Localized  lighting,  however,  is  being  used 
to-day  in  a  great  many  places  where  it  might  much  better 
be  replaced  by  a  semi-general  illumination  from  more  efficient 
lamps  installed  out  of  the  workman's  reach.  The  portable  lamp 
is  expensive  to  install,  inefficient,  subject  to  breakage  and,  fur- 
thermore, attracts  the  workman's  attention  from  his  work.  As 
usually  employed,  it  gives  an  uneven  glaring  light  which  tends 
to  harm  the  operative's  eyes  and  makes  him  demand  an  excess- 
ively high  intensity.  One  permanent  lamp  will  often  replace  a 
half-dozen  or  more  portables. 

COLOR. 

In  a  paper  read  before  the  Society  about  a  year  ago,  the  author 
devoted  his  entire  attention  to  color.  In  the  present  paper,  there- 
fore, this  subject  is  not  considered  in  detail.  Ordinarily,  it  is 
sufficient  that  the  color   of   light   should  approximate   daylight, 
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near  enough  to  make  objects  appear  natural.  It  is  desirable 
that  the  variation  from  white  should  be  toward  yellow,  which  is 
more  agreeable  than  blue  or  green.  In  special  cases,  such  as 
textile  and  other  dye  rooms,  where  color  matching  is  required, 
an  especially  close  approximation  of  daylight  is  necessary. 

INTENSITY. 
The  intensity  or  quantitative  element  of  illumination  bears  a 
close  relation  to  the  cost,  and  from  that  standpoint  is  particular- 
ly interesting  to  mill  operators.  It  should  be  remembered, 
however,  that  intensity  taken  alone  is  not  a  final  measure  of 
the  seeing  value  of  any  illumination.  The  other  considerations 
which  have  already  been  mentioned  all  have  a  bearing  on  the 
subject  and  should  be  properly  considered.  To  a  certain  extent, 
there  is  a  variation  in  present  practice  and  opinion  as  to  the  in- 
tensity of  light  necessary  for  particular  processes.  As  already 
stated,  particularly  in  textile  mills,  the  color  of  the  goods  and 
other  local  conditions  effect  the  intensity  required.  The  follow- 
ing figures  will  give  an  approximate  idea  of  the  intensities 
used  in  present  practice.  In  interpreting  them  for  any  par- 
ticular problem  an  estimate  should  be  made  of  the  grade  of 
lighting   required. 

Process  Foot-candles 

General  work  with  drop  lights H.~2 

Machine-shop,  no  drops 2-4 

Machine-shops,  fine  work 3  _  ° 

Warehouses  and  store  rooms 1  -  3 

Passages H  ~  l 

Weaving 3  -  6 

Spinning 1-4 

Carding 1  -3 

Breaking 1-2 

THE    BUILDING. 

Building  construction  is  a  factor  which  does  not  always  re- 
ceive proper  consideration  in  the  designing  of  a  lighting  installa- 
tion. Many  of  the  older  mills  have  low  ceilings  with  wide 
floors  which  are  rather  difficult  to  light  satisfactorily.  It  is  not 
uncommon  to  find  ceilings  as  low  as  8  feet.  The  modern  mills, 
as  a  rule,  have  heigher  ceilings.  In  ordinary  rooms  and  side 
bay-;  the  ceiling  heights  vary  from  10  to  20  feet.  Crane  bays 
usually  vary  from  25  to  60  feet  in  height.  From  12  to 
15  feet  is  a  very  common  height  for  an  ordinary  mill  room;  16 
to  20  feet  for  a  side  bay,  and  30  to  40  feet  for  a  crane  bay. 
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Overhead  cranes,  shaftings,  belts,  etc.,  are  likely  to  modify 
the  arrangement  of  lights.  Crane  bays  must  of  necessity  either 
be  lighted  from  the  sides  or  from  above  the  crane.  Unless  the 
crane  is  very  high,  and  the  bay  very  narrow,  the  tendency  is  to 
place  the  lamp  above  the  crane,  directing  the  light  downward 
with  suitable  reflectors.  The  arrangement  of  lights  along  the 
sides  of  high  bays  sometimes  causes  a  waste  of  light,  due  to  the  ab- 
sorption of  dark  walls.  Lights  also  have  to  be  shielded  so  as  to 
keep  the  glare  from  the  eyes  of  the  crane  operator.  When  light- 
ing from  above  the  crane,  it  is  desirable  to  provide  an  illuminant 
which  will  throw  a  relatively  large  proportion  of  its  light  down- 
ward. It  is  also  desirable  to  select  a  lamp  which  does  not  re- 
quire frequent  attention,  as  it  is  usually  necessary  for  a  work- 
man to  get  into  a  dangerous  position  on  the  top  of  the  crane  in 
cleaning  or  otherwise  taking  care  of  the  lamp. 

The  size  of  unit  to  be  selected  depends  upon  the  height  of 
the  lamp  and  the  intensity  of  illumination  required.  A  pro- 
portionate relation  should  exist  between  the  height  and  spacing 
of  lamps ;  thus  where  lamps  are  hung  high,  a  smaller  number 
of  large  units  or  groups  are  preferable,  while  for  low  rooms,  a 
larger  number  of  smaller  units  should  be  used.  Also  if  the 
height  is  fixed,  variations  in  intensity  should  be  secured  pref- 
erably by  using  units  of  different  capacity  rather  than  chang- 
ing the  spacing.  It  is  desirable  to  minimize  overhead  belts  and 
shaftings  to  not  only  improve  the  artificial  illumination  but  also 
the  daylight  illumination.  In  buildings  with  concrete  ceilings 
provisions  should  be  made  for  the  location  of  lighting  centers 
wherever  they  are  likely  to  be  required,  before  the  concrete  is 
poured.  The  author  has  often  been  called  upon  for  advice  in 
lighting  buildings  where  the  owner  was  compelled  to  go  to'  un- 
necessary expense  because  the  designer  had  not  provided  for  a 
suitable  arrangement  of  outlets.  It  is  good  practice  now  to 
build  mills  and  factories  with  a  large  window  area,  so  that  day- 
light can  be  utilized  for  fairly  long  working  hours.  This  type 
of  construction  not  only  transmits  the  daylight  freely  but  also 
allows  a  considerable  loss  of  artificial  lighting.  In  clean  mills 
where  conditions  permit,  it  is  often  advisable  to  install  light 
colored  shades  over  the  windows,  thereby  strengthening  the  il- 
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lumination  near  the  sides  of  the  room  and  providing  the  diffu- 
sion. An  illumination  test  in  a  clothing  factory  showed  a  gain 
of  10  per  cent,  in  the  illumination  on  the  horizontal  working  sur- 
face 8  feet  from  the  window  when  the  shades  were  drawn.  The 
additional  light  was  rendered  more  than  ordinarily  valuable  by 
its  diffusion  and  direction.  It  is  advantageous  when  possible  to 
provide  light  colored  walls  and  ceilings  to  reflect  and  diffuse  the 
light.  Many  mills  make  it  a  practice  to  whiten  their  walls  at 
least  once  or  twice  a  year.  In  a  large  room  where  various  pro- 
cesses are  carried  on,  it  is  good  practice  to  have  the  artificial  il- 
lumination slightly  stronger  in  the  parts  of  the  room  near  the 
windows.  In  arranging  the  room  for  daylight  operation  those 
processes  which  require  most  light  are  placed  near  the  windows, 
so  that  a  more  intense  illumination  is  likely  to  be  required  there 
than  elsewhere.  Arrangement  of  lighting  depends  to  a  certain 
extent  upon  the  arrangement  of  pillars  and  ceiling  girders.  The 
location  of  outlets  should  be  symmetrical  so  as  to  make  a  good 
appearance  and  avoid  post  shadows.  If  tungsten-filament  lamps 
are  used,  the  size  can  usually  be  selected  to  correspond  to  the 
construction. 

ILLUMIXANTS. 

It  is  not  expedient  to  discuss  in  this  paper  all  the  various  types 
of  lamps  used  in  mill  lighting.  Each  lamp  has  its  peculiar  ad- 
vantages and  limitations.  Xo  one  unit  is  the  best  for  all  classes 
of  lighting.  The  author  has  been  asked  to  discuss  particularly 
the  use  of  tungsten  lamps  with  metal  reflectors.  The  economy 
diffuser  was  probably  the  first  of  the  metal  reflector  equipments 
to  follow  the  development  of  the  tungsten-filament  lamp.  With 
this  diffuser  five  or  six  lamps,  not  exceeding  100-watt  capacity, 
were  grouped  under  a  concentrically  corrugated  reflector,  either 
26  or  40  inches  in  diameter.  A  diffusing  globe  was  provided 
to  reduce  the  glare  from  the  bare-filament  lamps.  In  general 
practise  it  was  found  that  the  globes  collected  considerable 
dirt,  so  that  there  was  a  tendency  to  remove  them.  The  group- 
ing also  reduced  the  efficiency  by  cutting  off  light.  There 
has  been  a  tendency  lately  toward  the  use  of  single-light  diffus- 
ers  which  preclude  this  trouble  and  also  decrease  the  mainten- 
ance cost  through   the   use  of  larger  lamps.     An   excellent  in- 
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stallation  using  the  economy  diffusers  is  the  Adler  clothing 
factory  in  Rochester.  In  the  installation  on  the  fourth  floor, 
the  40-inch  economy  diffuser  is  used  with  3  100-watt  and  3  40- 
watt  tungsten  lamps.  With  a  consumption  of  1.8  watts  per 
square  foot  they  were  obtaining  6.5  foot-candles,  or  3.6  useful 
lumens  per  watt.  The  measurements  were  made  over  a  year 
after  the  installation  was  put  in. 

There  are  a  number  of  excellent  makes  of  steel  reflectors 
which  have  reflecting  surfaces  of  aluminum  matte,  porcelain 
enamel,  etc.  The  dome  type  porcelain  enamelled  reflector  is  used- 
to  good  advantage  in  the  Deering  Harvester  works  in  Chicago. 
The  so-called  selective  diffusing  reflectors  are  made  in  two  sizes 
16  and  21  inches  in  diameter.  The  16-inch  diffuser,  has  a  2.]/^ 
inch  collar  and  is  intended  for  use  with  tungsten  lamps  up  to 
and  including  the  250-watt  size.  The  21 -inch  diffuser  has  a 
334  inch  collar  and  is  intended  for  use  with  250-,  400-  and 
500-watt  tungsten  lamps.  At  first  these  diffusers  were  finished 
with  paint  enamel  on  account  of  its  highly  efficient  reflecting 
surface,  but  as  the  surface  did  not  last  the  advantage  of  this 
efficiency  was  soon  lost.  The  finish  has  since  been  changed  to 
porcelain  enamel,  and  the  high  efficiency  has  been  retained  by  the 
use  of  an  unusually  heavy  coating  of  white  enamel.  An  illum- 
ination test  was  made  with  250-watt  tungsten  lamps  equipped 
with  16-inch  diffusers  as  installed  in  the  induction  motor  depart- 
ment of  the  General  Electric  Company  in  Schenectady,  N.  Y.  This 
building  is  about  60  feet  wide  and  is  divided  into  three  bays ; 
the  height  of  ceiling  is  24  feet,  the  height  of  lamps  is  23  feet; 
the  consumption  was  1.02  watts  per  square  foot;  an  illumina- 
tion on  the  working  level  of  4.8  foot-candles,  or  4.7  lumens  per 
watt,  was  obtained.  The  lamps  were  suspended  beneath  a  gray 
concrete  ceiling,  and  subsequent  tests  showed  that  substituting 
21-inch  diffusers  increased  the  average  illumination  on  the  work- 
ing level  about  8  per  cent. ;  while  the  use  of  the  16-inch  diffuser 
gave  21  per  cent,  more  light  than  when  the  ceiling  only  was  de- 
pended on  for  reflection. 

DISCUSSION. 

Mr.  George  S.  Barrows: — I  should  like  to  ask  Mr.  Stickney 
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whether  the  glare  in  a  steel  mill,  or  wherever  there  is  a  white 
heat  from  hot  billets  or  other  heated  metal,  is  really  wanted,  or 
a  high  general  illumination  in  order  to  nullify  the  glare  from  the 
heated  metal? 

I  should  also  like  to  ask  whether  any  investigation  has  been 
made  to  determine  whether  more  accidents  occurred  during  the 
dark  season  of  the  year  due  to  mixed  illumination,  that  is, 
mixed  daylight  and  artificial  illumination ;  or  whether,  if  there 
were  more  accidents  during  the  dark  season,  they  were  due  to 
inadequate  artificial  illumination? 

Mr.  Stickney: — In  answrer  to  Mr.  Barrows'  question  regard- 
ing glare  in  the  billet  mill,  I  wish  to  say  that  I  do  not  think  the 
workmen  desired  as  high  a  degree  of  glare  from  the  light 
sources  as  that  which  came  from  the  billets ;  but,  in  this  con- 
nection, it  should  be  remembered  that  a  glaring  light  is  not  so 
apparent  to  the  eye  when  it  proceeds  from  above,  as  when  it 
comes  from  below,  as  in  the  case  of  the  billets.  In  the  case 
which  I  mentioned,  it  was  a  question  of  determining  the  height 
of  flaming  arc  lamps,  and  the  workmen  preferred  to  have  them 
hung  low. 

In  reference  to  the  curve  showing  the  larger  number  of 
accidents  during  the  dark  season,  I  should  say  there  was  no 
analysis  given,  and,  as  far  as  I  know,  no  satisfactory  investiga- 
tion has  been  made. 

Mr.  Xorman  Macbeth  \ — The  curves  published  in  the  Illuminat- 
ing Engineer  to  which  Mr.  Stickney  referred,  showed  very  clearly 
that  the  greater  number  of  deaths  from  accidents  occurred  dur- 
ing the  three  dark  months,  or  months  of  short  daylight  hours. 
The  further  question  as  to  the  hour  of  the  day  in  which  the 
greater  number  of  these  accidents  happened  was  not  touched 
upon.  I  think  it  would  be  difficult,  to  say  the  least,  to  determine 
what  proportion  could  be  charged  to  insufficient  artificial  light- 
ing. From  a  knowledge  of  workshop  illumination  standards  at 
this  time.  I  feel,  however,  that  this  very  serious  condition  may 
bo  charged  directly  to  this  cause.  This  question  of  factory  il- 
lumination is  neither  a  simple  problem  nor  one  upon  which  there  is 
much  conclusive  data.  The  further  the  investigations  are 
carried,  the  more  one  is  forced  to  realize  the  depth  of  the  prob- 
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lem  and  the  comparatively  small  amount  of  reliable  data  now 
available.  Generally  speaking,  the  illumination  is  about  one- 
tenth  of  what  it  ought  to  be ;  consequently  there  is  a  practically 
undeveloped  field  of  great  promise  for  the  industrial  plant  owner, 
the  lamp  and  accessory  manufacturers  and  the  electric  or  gas 
companies  supplying  energy. 

I  was  very  much  interested  a  few  days  ago  in  going  over 
some  reports  of  installations  recently  completed  in  the  East  Pitts- 
burgh works  of  the  Westinghouse  Electric  &  Manufacturing 
Company.  They  have  installed  about  7,000  tungsten-filament 
lamps  in  the  last  year  and  a  half,  and  have  kept  very  complete 
records.  Regular  and  frequent  inspections  are  made  of  these 
lighting  systems,  and  the  conclusions  and  deductions  from  the 
figures  secured  were  exact  and  extremely  interesting. 

One  interesting  point  which  was  brought  out  through  con- 
siderable experiment  was  that  the  men  preferred  glass  reflectors 
rather  than  metal  reflectors  so  frequently  used  in  this  work. 
It  was  found  that  the  maintenance  of  the  glass  reflectors  was 
high,  but  not  higher  than  it  would  be  with  metal  reflectors,  which 
have  to  be  cleaned  as  often  as  the  glass.  It  was  necessary 
to  clean  any  of  the  reflectors  used  at  various  periods,  depend- 
ing upon  the  shop  conditions,  from  twice  a  month  to  once 
in  two  months.  The  depreciation  values  secured  were  similar  to 
those  given  here  by  Mr.  Stickney,  as  high  as  40  to  50  per 
cent. 

The  question  of  increasing  the  effectiveness  of  these  installa- 
tions should  be  brought  to  the  attention  of  managers  and  owners 
of  industrial  plants.  Mr.  Stickney  has  worked  out  the  com- 
parative cost  of  a  lighting  installation  with  the  cost  or  value  of 
the  output.  Another  basis  is  on  that  of  the  wages  paid.  I 
doubt  very  much  whether  one  can  appeal  to  a  man  solely  on  the 
basis  of  prevention  of  accidents  or  the  conservation  of  eye-sight. 
Unfortunately  they  feel  that  if  one  man  cannot  do  the  work 
there  is  another  to  take  his  place.  Considerable  importance 
should  be  attached  to  the  question  of  turning  out  more  and  better 
work  and  on  the  time  saving  elements.  The  added  costs  for  an 
installation  of  satisfactorily  high  intensities  will  figure  out  less 
than  5  per  cent,  and  seldom  means  more  than  2  per  cent,  of  the 
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yearly  wages ;  this  frequently  means  that  a  saving-  of  two  to 
four  minutes  of  a  man's  time  per  day  will  more  than  pay  for  the 
increased  illumination.  It  is  not  hard  to  compute  the  saving 
in  an  industrial  plant  in  a  year  on  that  basis. 

Mr.  T.  J.  Litle,  Jr. : — In  regard  to  the  placing  of  units  in  a 
machine-shop,  I  notice  that  even  the  illuminating  engineer  some- 
times makes  a  mistake  and  that  often  the  workmen  can  give  him 
some  pointers.  Sometimes  a  lathe  will  be  lighted  from  a  direct- 
ion to  the  right  of  the  worker,  or  above  his  head ;  that  suffices 
where  he  is  turning  out  straight  flat  work,  but  where  he  is  boring 
out  a  cylinder,  it  is  a  different  problem.  In  one  case  I  saw  a  man 
with  a  16  candle-power  lamp  above  his  work  and  a  tallow 
candle  near  him.  His  reason  for  using  the  combination  was 
that  with  certain  work  he  required  the  16  candle-power  lamp, 
and  on  other  work  he  needed  17  candle-power,  which  he  got  by 
adding  the  candle. 

The  workman  often  requires  a  flexible  support  for  his  lamp 
in  cases  where  it  is  necessary  to  shift  his  light  source,  and 
in  boring  with  a  chuck  this  is  often  required.  One  way  to 
accomplish  this  is  by  the  use  of  cords. 

Regarding  the  glare,  I  think  it  is  almost  criminal  to  place  a 
lamp  of  the  type  before  us  this  evening  in  rooms  having  low 
ceilings,  without  protecting  the  lamp  in  some  way.  I  suppose  Mr. 
Stickney  would  not  propose  using  this  lamp  lower  than  9  or  10 
feet  from  the  floor.  With  this  glare,  one's  eyes  are  momentarily 
paralyzed,  and  a  workman  walking  down  the  room  after  looking 
at  one  of  those  lamps  would  be  apt  to  stumble  over  any  object  in 
his  path. 

Regarding  the  intensity  of  illumination,  I  think  the  require- 
ments are  becoming  higher.  General  illumination  is  necessary 
in  a  workshop,  but  local  illumination  is  just  as  necessary. 

Mr.  Stickney: — In  my  talk  I  stated  that  there  are  a  number  of 
processes,  which,  in  all  probability,  always  will  demand  local 
illumination.  The  case  mentioned  by  Mr.  Litle,  namely,  boring 
out  the  inside  of  a  cylinder  is  an  example  of  this.  The 
working  illumination  can  be  better  applied  by  means  of  a 
small  local  lamp.  Mr.  Litle  objects  to  the  glare  of  the  bare 
mgsten  lamps,  as  I  have  had  them  installed  in  this  room,  and 


tungste 


492      TRANSACTIONS  OF   ILLUMINATING  ENGINEERING   SOCIETY 

I  agree  with  him  that  under  these  circumstances  the  glare  is 
offensive.  I  have  seen  a  large  number  of  installations  where 
similar  lamps  were  installed  at  corresponding  heights  in  industrial 
plants,  and  the  glare  was  not  serious.  When  such  installations 
were  first  introduced  the  use  of  frosted  bulb  lamps  or  diffusing 
globes  was  insisted  upon,  but  they  were  never  used  for  a  long 
period  of  time.  When  such  a  lamp  has  been  installed  in  an 
industrial  plant  for  a  few  days,  dirt  and  dust  accumulates,  which 
reduces  the  glare.  When  frosted  lamps  or  diffusing  globes  are 
used,  the  loss  of  light  from  the  accumulation  of  dirt  is  so  ex- 
cessive that  very  few  will  permit  their  use. 

Mr.  B.  G.  Perrot : — There  is  one  phase  of  the  illumination  prob- 
lem I  do  not  think  Mr.  Stickney  brought  out.  In  practice  one 
sometimes  finds  that  illumination  costs  practically  nothing.  I 
have  in  mind  a  manufacturing  plant  which  requires  so  much  steam 
in  the  process  of  manufacturing  to  which  it  is  devoted,  that 
when  it  is  necessary  to  use  the  lights,  the  steam  from  the  en- 
gine which  runs  the  generators  goes  into  the  drying  system  and 
is  used  in  the  process  of  manufacture,  so  that  the  lighting  is  ob- 
tained for  next  to  nothing. 

The  question  of  how  much  energy  would  have  to  be  expended 
to  give  the  proper  amount  of  illumination  in  a  building  of  that 
kind,  is  not  a  serious  one ;  one  may  provide  for  as  much  as 
wanted,  inasmuch  as  live  steam  has  to  be  furnished  in  the  pro- 
cess of  manufacture.  It  is  largely  a  question  of  up-keep  more 
than  anything  else. 

Mr.  John  R.  Keenan : — I  would  like  to  find  out  what  the  candle- 
power  of  a  500-watt  tungsten  lamp,  with  the  reflector,  is  di- 
rectly beneath  the  lamp? 

Mr.  Stickney : — The  light  intensity  directly  downward  from  a 
500-watt  tungsten  lamp  equipped  with  one  of  the  21-inch  re- 
flectors mentioned  in  my  paper  is  about  600  candle-power. 

The  discussion  has  brought  out  some  interesting  points.  One 
point,  however,  though  theoretically  true,  does  not  always  fol- 
low in  actual  practice.  I  refer  to  the  question  of  maintenance 
cost  of  carbon  and  tungsten-filament  lamps.  In  fact,  it  very 
often  figures  out  in  maintenance  alone  that  tungsten  lamps  are 
considerably  cheaper  than  the  carbon  filament,  especially  where 
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the  latter  are  used  in  clusters.  One  moderate-sized  tungsten 
lamp,  say  ioo-  or  150-watt,  will  often  replace  a  half  dozen  or 
more  16-candle-power  lamps.  This  makes  a  relatively  low  first 
cost  of  lamps,  which,  taken  together  with  the  longer  useful  life 
of  the  tungsten  lamps,  as  compared  with  the  carbon,  will  often 
show  a  considerable  saving  independent  of  the  cost  of  power. 

Mr.  Barrows: — I  would  like  to  ask  Mr.  Macbeth  a  question. 
He  said,  I  believe,  that  the  workmen  preferred  glass  reflectors ;  I 
would  like  to  know  why  they  preferred  them  ;  he  did  not  say. 

Mr.  Macbeth  : — The  reflectors  used  were  mostly  prismatic  glass, 
some  opal,  and  I  understand  the  decision  was  in  favor  of  the 
glass,  because  of  the  more  cheerful  appearance  of  the  various 
work-rooms.  In  locations  where  the  ceilings  were  light,  the 
efficiency  was  somewhat  higher  than  would  be  the  case  had  metal 
reflectors  been  used.  There  is  no  particular  advantage  in  the 
metal  reflector,  that  I  know  of,  although  it  might  be  assumed 
that  the  reflecting  surface  would  be  equal  in  efficiency  to  that 
of  the  glass,  and  consequently  that  25  or  30  per  cent,  of  the  light 
going  through  prismatic  or  an  opal  reflector  into  the  upper  hemis- 
phere would  be,  with  the  metal  reflector,  re-directed  into  the 
lower  hemisphere,  giving  the  metal  reflector  a  higher  utilization 
efficiency.  This  theory,  however,  was  not  borne  out  by  the 
tests. 

Mr.  R.  B.  Ely: — In  connection  with  the  lighting  of  shop  work, 
engravers  and  printers  frequently  want  to  print  a  section  of  a 
plate,  and  in  order  to  designate  that  section  they  scratch  a  line 
directly  on  the  plate.  In  order  to  see  the  scratch  or  line,  they  try 
to  have  the  glare  reflected  directly  into  the  workman's  eyes,  so 
that  he  can  put  his  card  or  paper  right  on  the  line.  In  connec- 
tion with  the  work  of  polishing  silver  and  buffing  shoes,  etc.. 
is  it  desirable  to  use  general  illumination  entirely  or  to  localize 
the  light  so  that  the  man  will  get  a  glare  on  his  work  to  enable 
him  to  see  the  scratches  or  rough  surface? 

Mr.  Stickncy: — There  are  a  great  many  processes,  such,  for 
example,  as  the  truing  of  electric  meter  disks,  or  the  grinding 
of  lenses,  in  which  inspection  is  made  by  means  of  light  reflected 
from  polishing  surfaces.  These  require  the  use  of  light  sources 
so  located  as  to  be  available   for  direct  reflection  to  the  work- 
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man's  eyes.  The  best  results  are  often  obtained  by  continuing 
with  the  light  source  to  which  the  workman  is  accustomed.  Some- 
times bare  filament  lamps  are  used  and  sometimes  diffusing 
glasses.  In  some  cases  it  is  desirable  to  have  a  regular  pattern 
drawn  on  the  diffusing  glass  to  show  by  distortion  whether  or 
not  a  surface  is  true.  Most  of  these  cases  are  so  special  that 
they  can  be  handled  to  better  advantage  by  the  foreman,  who 
understands  the  requirements  of  the  process,  than  by  an  il- 
luminating engineer. 

Mr.  J.  D.  Israel: — If  I  remember  correctly,  a  question  was 
asked  as  to  whether  anything  had  been  developed  in  the  electric 
field  for  distinguishing  different  shades  of  material  for  colors. 
I  think  the  carbon  dioxide  vapor  lamp  will  answer  that  pur- 
pose ;  it  is  used  in  dye  works  and  other  places  where  a  fine  dis- 
tinction is  required  between  color  shades. 

Mr.  Stickney : — The  carbon  dioxide  tube,  although  it  has  some 
other  limitations,  gives  a  very  good  quality  of  light  for  color 
matching.  About  a  year  ago,  or  a  year  and  a  half,  the  Schenec- 
tady laboratory  of  the  General  Electric  Company  at  the  urgent 
request  of  a  woolen  milling  company,  undertook  the  produc- 
tion of  a  color-matching  light  for  dye  rooms  using  the  enclosed 
arc  lamp.  A  hood  reflector  was  provided  with  a  selective  blue 
glass  window  at  the  bottom,  but  the  most  difficult  problem  was 
that  of  finding  a  combination  of  glass  which  would  eliminate  the 
excess  of  red  and  yellow  rays  in  the  right  proportion.  Two  sample 
sets  were  supplied  to  this  woolen  company  and  are  still  in  use 
in  the  dye  rooms  of  two  of  their  mills,  giving  satisfactory  results. 
Since  these  were  furnished  further  experiment  has  improved  the 
efficiency  of  this  scheme  by  reducing  the  light  absorption  in  the 
glass,  so  that  the  equipment  seems  to  be  very  well  suited  for  this 
purpose.  Experiments  have  also  been  carried  on  in  Schenectady, 
and  I  believe  in  Cleveland,  to  secure  similar  results  from  the 
tungsten  lamps.  No  report  has  yet  been  made  of  the  Schenec- 
tady tests.  The  tests  which  were  made  in  Cleveland  were  de- 
scribed in  an  article  by  Dr.  Ives  and  Mr.  Luckeish,  in  the 
Electrical  World  for  May  4,  191 1,  from  which  it  appears  that  a 
very  close  substitute  for  average  daylight  has  been  obtained  from 
the  tungsten  lamp,  with  a  consumption  of  about  ten  watts  per 
candle. 
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Mr.  Israel: — I  have  heard  a  great  deal  on  this  subject  from 
the  electric  standpoint,  and  I  would  like  to  ask  our  fellow  mem- 
bers from  the  gas  company  if  they  find  similar  conditions  obtain- 
ing in  the  use  of  the  large  and  the  small  gas  units ;  and  also 
if  there  have  been  any  experiments  with  any  form  of  indirect 
gas  lighting? 

Mr.  Macbeth : — In  the  gas  field  the  larger  units  are  per- 
haps used  to  a  greater  extent  in  work-shop  illumination.  Many 
of  the  lamps  are  equipped  with  opal  and  opaline  globes  and  are 
installed  generally  on  some  form  of  contact  which  insures  fre- 
quent cleaning  of  the  lamp  glassware  and  parts.  Three-,  four- 
and  five-mantle  lamps  are  used  considerably,  while  quite  a  num- 
ber of  the  50-candle-power  inverted  lamps  have  been  installed. 
The  tendency  is  somewhat  towards  the  smaller  unit,  while  the 
lamp  manufacturers  are  working  along  development  lines  to  fill 
in  the  gaps  from  the'  smaller  20-candle-power  lamps  up  to  meet 
the  multiple  mantle  sizes. 

Some  work  has  been  done  in  indirect  lighting  with  gas  lamps, 
and  while  numerically  there  are  fewer  indirect  gas  than  electric 
installations,  it  is  possible  that  the  percentage  of  new  indirect 
installations  may  be  as  large  with  gas  as  with  electric  lamps. 

Mr.  Litlc,  Jr. : — It  seems  to  me  that  if  a  factory  has  a  white 
ceiling  indirect  lighting  is  just  as  efficient  there  as  in  a  store, 
r'-eneral  illumination  in  a  factory  is  not  necessarily  the 
most  efficient.  The  machines  themselves  are,  I  think,  in 
most  cases,  lighted  independently  of  the  general  illumination,  be- 
cause certain  parts  of  the  work  need  higher  illumination  than 
others.  I  do  not  think  there  is  a  bit  of  difference  in  the  problem 
of  the  illuminating  engineer,  whether  he  is  dealing  with  gas  or 
with  electricity. 

Mr.  W.  J .  Serrill: — I  understand  that  the  dust  on  the  reflectors 
is  the  greatest  foe  to  indirect  lighting,  and  I  suppose  that  in 
factories  there  is  more  dust  than  in  offices  or  other  rooms. 

Mr.  G.  B.  Mtith : — As  Mr.  Stickney  has  said  that  the  builders 
of  concrete  buildings  do  not  give  proper  consideration  to  the 
lighting  possibilities,  and-as  Mr.  Perrot  has  had  large  experience  in 
planning  concrete  buildings,  perhaps  Mr.  Perrot  will  say  some- 
thing on  this  point. 
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Mr.  Perrot : — My  practise  has  been  to  prepare  for  the  lighting 
before  the  erection  of  the  building.  In  other  words,  the  lighting 
scheme  is  laid  out  and  contracted  for  simultaneously  with  the 
letting  of  the  contract  for  the  building,  and  the  electrical  con- 
tractor is  obliged  to  put  in  his  sockets  and  sleeves  before  any 
concrete  is  poured.  Provision  is  also  made  in  the  design  of  a 
building  for  extra  pipe  sleeves  in  case  there  is  to  be  a  change 
of  position  of  pipes  or  conduits,  as  there  generally  is  in  the 
development  of  a  plant.  If  the  machines  are  moved,  the  light- 
ing scheme  frequently  has  to  be  changed.  Provision  is  made  in 
the  construction  for  the  use  of  Malbage  iron  sockets  for  light- 
ing fixtures,  overhead  shafting  or  the  like,  which  checker-boards 
the  ceiling  in  squares  of  about  5  ft.  in  each  direction.  These 
sockets  are  flush  with  the  bottom  of  the  beams  and  are  tapped 
for  Y\  in.  or  Y%  in.  bolts,  as  the  case  may  be.  In  buildings  of  a 
mercantile  character,  where  the  conduits  have  to  be  concealed, 
these  are  put  in  the  filling  between  the  top  of  the  concrete  floor  and 
the  finished  floor.  There  is  generally  a  2  in.  or  3  in.  space  filled 
in  with  cinder,  concrete  or  other  material,  and  the  conduits  are 
put  in  this  space.  Of  course  the  outlet  boxes  have  to  be  put  in 
the  solid  concrete,  and  these  and  holes  for  vertical  conduits 
are  the  only  things  necessary  to  be  put  in  before  the  concrete 
is   poured. 

An  iron  socket  about  \Yi  in.  long  tapped  for  about  l/i  in- 
machine  screw  is  also  used.  It  is  placed  in  the  floor  slab,  where- 
ever  it  may  be  necessary  to  have  a  line  of  conduit.  These  small 
electrical  sockets  are  put  in  the  ceiling  and  cannot  be  seen,  and 
in  that  way  save  the  mechanic  from  drilling  the  concrete.  The 
whole  problem,  to  my  mind,  is  a  little  foresight  in  the  design 
of  the  building. 
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A  CORPORATION*  GRADUATE  COURSE  IN 
ILLUMINATING  ENGINEERING.1 


BY     SYDNEY     WIIITMORE     ASHE. 


The  purpose  of  this  paper  is  to  outline  a  graduate  course  in  il- 
luminating engineering  which  was  inaugurated  about  a  year 
ago  by  a  large  manufacturing  company  for  the  benefit  of  a  num- 
ber of  recent  college  graduates  who  entered  its  employ  to  be 
trained  as  electric  incandescent  lamp  specialists.  In  the  synopsis 
of  the  course  as  given  below  three  topics  are  discussed  briefly : 
first,  the  necessity  of  the  course ;  secondly,  a  review  of  the 
course ;  and  lastly,  the  results  accomplished. 

Necessity  of  the  Course — Two  points  in  connection  with  the 
genesis  of  this  course  should  be  mentioned  if  not  emphasized : 
illuminating  engineering  has  had  a  rapid  growth  recently,  and  is 
yet  a  new  field ;  secondly,  technical  schools  and  colleges  have 
not  had  ample  facilities  to  conduct  a  course  of  this  kind.  To 
give  proper  instruction  in  illuminating  engineering  a  school 
requires  considerable  apparatus  and  the  cooperation  of  a 
corps  of  specialists.  Suitable  instructors,  space  for  the  ap- 
paratus, and  the  time  in  which  ithe  instruction  may  be 
given  are  also  important  considerations.  Moreover,  the  scope 
of  such  a  course  if  it  be  at  all  comprehensive  is  necessarily  broad. 
The  ground  which  must  be  covered  was  exemplified  by  the 
course  in  illuminating  engineering  given  under  the  auspices  of 
this  Society  at  Johns  Hopkins  University  last  fall.  It  is  not  at 
all  surprising  therefore  that  few  technical  graduates  of  the  pres- 
ent day  have  little  more  than  a  superficial  knowledge  of  il- 
luminating engineering.  In  discussing  this  particular  topic  re- 
cently at  a  meeting  in  Boston  of  the  Society  for  the  Promotion 
of  Industrial  Education  the  author  summarized  the  conditions 
which  necessitated  the  present  course  in  illuminating  engineer- 
ing as  follows : 

The  necessity  for  a  corporation  school  for  college  graduates  arises 
from  the  fact  that  for  four  years  the  average  student  has  been  ac- 
customed  to  absorbing  knowledge,  to  having  his   program   definitely   ar- 

1  A  paper  read  at  a  meeting  of  the  New  York  section  of  the  Illuminating  Engineering 
Society.  June  8,  191 1. 
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ranged  for  him,  and  having  someone  behind  him  to  push  him;  in  other 
words,  the  whole  atmosphere  has  been  one  of  absorption.  When  the 
young  man  enters  a  corporation  the  process  is  reversed ;  it  is  one  of 
giving  out  instead  of  taking  in.  The  young  man  feels  lost ;  he  is 
not  accustomed  to  seeking  work;  he  is  not  accustomed  to  arranging 
his  own  program ;  he  lacks  initiative ;  he  lacks  the  faculty  of  go- 
ing to  the  bottom  of  things;  he  lacks  the  ability  of  accomplishing  re- 
sults, and  he  lacks  a  knowledge  of  commercial  procedure  and  de- 
partmental methods.  Accordingly  his  first  year  must  be  one  of  rear' 
justment.  While  in  school  he  felt  that  he  was  somewhat  of  a  demagogue; 
in  the  corporation  he  feels  that  he  is  a  non-entity:  it  is  hard  for  him 
to  produce  as  a  part  of  a  whole  when  formerly  he  worked  as  a  single 
unit.  To  familiarize  him  with  this  new  mental  procedure  and  read- 
justment, therefore,  it  is  necessary  to  look  after  him,  to  keep  up  his 
enthusiasm,  to  keep  up  the  spirit  of  good  fellowship  and  still  have 
him  become  accustomed  to   the  company  discipline. 

A  Review  of  the  Course — About  forty-three  college  men  were 
selected  early  last  spring  from  various  institutions  throughout 
the  country.  About  the  middle  of  August  they  had  all  reported 
at  the  works  of  the  company.  Systematic  instruction  has  begun 
at  once.  The  men  were  assigned  to  various  parts  of  the  manu- 
facturing and  development  laboratory.  Later  they  were  trans- 
ferred to  different  departments ;  so  that  they  were  thus  able  to 
gain  during  the  year  a  comprehensive  knowledge  of  the  manu- 
facture of  incandescent  lamps. 

For  the  first  few  months  these  men  assembled  in  the  lecture 
room  each  day  fromi  eleven  to  twelve.  There  they  were  given 
a  thorough  training  in  the  theory  of  illumination,  lamp  manu- 
facture, and  salesmanship.  Each  man  at  some  stage  of  the 
course  was  assigned  a  topic  upon  which  he  was  required  to  pre- 
pare an  hour's  talk.  This  afforded  an  opportunity  to  study  the 
personality  of  the  man  and  also  assisted  him  in  specializing  on 
some  particular  subject.  As  the  course  progressed  and  the  men 
became  more  settled  in  their  occupations,  the  number  of  lectures 
each  week  was  reduced.  At  the  end  of  seven  months  only  two 
lectures  a  week  were  given.  These  were  considered  sufficient  to 
maintain  the  educational  atmosphere.  In  the  forepart  of  the 
course  most  of  the  instruction  was  conducted  by  men  in  the 
company,  but  after  the  men  had  gone  over  the  subject  quite 
thoroughly  many  outside  specialists  were  invited  to  lecture  on 
various  subjects. 
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The  lecture  room  where  the  educational  work  was  conducted, 
was  well  equipped  with  many  forms  of  demonstration  apparatus. 
\  arious  arc  and  incandescent  illuminants,  including-  several 
types,  of  gas  and  mercury-vapor  lamps,  luminometers;  pho- 
tometers and  gas  meters  were  in  use.  There  was  also  avail- 
able the  usual  assortment  of  ammeters  and  voltmeters.'  These 
facilities  for  instruction  were  augmented  by  the  proximity  of  the 
factory,  sales,  and  commercial  engineering  departments?     From 


A  view  of  the  lecture  room. 

the  latter  departments  all  the  parts  of  lamps,  contract  forms, 
various  sales  data,«and  numerous  data  on  illuminating  engineer- 
ing could  be   procured  immediately. 

Supplementing  the  instruction  in  the  lecture  room  and  in  the 
company's  organization,  occasional  excursions  were  conducted  to 
various  lamp  factories,  the  power  stations  of  the  New  York 
Edison  Company,  the  Interborough  Rapid  Transit  Company's 
power  houses,  the  Holophane  Company,  and  other  companies  in 
the  vicinity  of  Xew  York. 

The  advisability  of  giving  laboratory  work  and  having  the 
men  carry  on  special  research  work  was  also  considered,  but 
such  work  was  not  deemed  feasible  at  the  time. 
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By  meeting  the  men  from  day  to  day  and  also  studying  them 
while  at  work  in  the  factory,  it  was  possible  to  ascertain  the 
special  aptitude  of  the  men  for  any  particular  line  of  activity. 
Those  who  showed  an  inclination  for  research  work  remained  in 
the  development  laboratory,  those  who  showed  a  liking  for  fac- 
tory work  were  of  course  assigned  to  the  factory,  and  those  who 
exhibited  a  special  fitness  for  salesmanship  or  commercial  en- 
gineering were  placed  in  the  sales  department. 

Results  Accomplished — The  aim  of  the  course  was  to  give  the 
best  all-around  course  in  illuminating  engineering  ever  presented. 
How  well  this  plan  has  been  carried  out  is  indicated  by  the 
appended  list  of  the  lectures  delivered  during  the  course.  Just 
what  results  have  been  accomplished  it  is  difficult  to  state 
definitely.  The  course  is  still  in  progress.  All  the  men,  except 
two  who  have  dropped  out,  have  been  assigned  to  various  de- 
partments of  the  company.  It  may  be  conjectured,  however, 
that  the  ultimate  results  can  not  be  but  very  gratifying  to  both 
the  company  and  the  men. 


PARTIAL  LIST  OF  LECTURES  DELIVERED  IN  CONNECTION 
WITH  COURSE  IN  ILLUMINATING  ENGINEERING. 


COMMERCIAL. 
Subject  Lecturer 

Sales   Organization   in   Large   Central    Stations    T.    I.   Jones 

Central  Station  Salesmanship Clarence  L.  Law 

The   New   York   Edison   Company's    System    A.    H.    Lawton 

Reminiscences    C.    D.    Haskins 

Salesmanship   F.  M.  Kimball 

The  Test  Course   A.  L.  Rohrer 

Publication   Bureau    M.    P.   Rice 

Training  of  Men    M.  W.  Alexander 

Advertising   F.  R.  Davis 

Sales  Work— Cooperative  Effort  A.  D.  Page 

Office  Methods    J.  R.   Baker 

Foreign  Lamp  Situation    F.   W.  Willcox 

The  Data  Book   Series  Types  of  Lamps    C.  W.   Bettcher 

Methods  of  Lamp  Selling  R.  B.  Parrott 


ASHE:       A    CORPORATION    GRADUATE    COURSE  501 

Subject  Lecturer 

Good  Will  in  Salesmanship   R.  B.   Parrott 

Commercial  Conditions  in  Mexico  and  South  America  ..G.  W.  Coughlans 

Transportation    J-  G.   Morgan 

Data  Book— Special  Reference  to  Contracts  and  Engineering 

Sections  .. .  .G.  G.  Freygang 

Elimination  of   Non-Essentials    F.   G   Hancock 

THEORY    01?    ILLUMINATION. 

Photometry  of    Searchlights    Prof.   W.    S.    Franklin 

Color  Values   Dr.  H.  E.  Ives 

Lighting  Requirements  of  Large  Cities Prof.  George  F.  Sever 

Reflecting  and   Diffusing  Media    .V.   R.   Lansingh 

Illuminating    Engineering    Bassett    Jones,    Jr. 

Train    Lighting    Prof.    M.    Arendt 

Interior  Illumination   A.  J.  Marshall 

Glare  A-  J-  Sweet 

Commercial   Photometers    P-   S.   Millar 

Use  of  Flux  Diagrams    J-   S.   Codman 

Instruction  in  Illumination  at  Cornell Prof.  G.  S.  Macomber 

Fluorescence  and   Phosphorescence    W.   S.  Andrews 

Train   Lighting    Henry   Schroeder 

Improving  Color  Values  Mazda  Lamps    S.  L.   E.  Rose 

Abstract  of  Dr.  Steinmetz's  Paper  at  John  Hopkins  U.  ..G.  G.  Freygang 

Store  and  Window  Lighting   J-  J-   Sullivan 

History  of  Lamp  Developments    H.  W.  Welles 

Principles    of    Photometry    Dr.    Clayton    H.    Sharp 

TYPES    OF    ILLUMINANTS. 

Gas  and   Oil   Illuminants    Dr.    M.   C.   Whitaker 

Principles  and  Design  of  Interior  Gas  Illumination Norman   Macbeth 

The  Moore  Tube    D.   McFarland   Moore 

Flaming  Arc  Lamps   S.   H.  Blake 

Magnetite  Arc  Lamps    G.   N.    Chamberlain 

Arc  Lamp  Mechanisms  C.  A.  B.  Halvorson 

Auto  Lighting  and  Supplies   H.  R.  Sargent 

Tantalum    Lamps    E.    S.    Gardiner 

Arc   Lamps    G.    H.    Stickney 

Gas  Mantles    H-    R-   Perkins 

Pilot  Flames  H.  R.  Perkins 

Sign   Lighting    O.    P.   Anderson 

Nernst  Lamps    J-   M-  Hal1 

PRODUCTION. 

Opportunities     Chas.    F.    Scott 

Factory  Building  Construction   L.  F.  Baker 
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CENTRAL     STATION     PRACTICE. 
Subject  Lecturer 

Growth  in  Factory  Work   W.  R.  Burrows 

Test   Work   Large   Central   Station    .System    , Alex.    Maxwell 

Meters  and  Instruments  . : ." . . F.  P.  Cox 

Lightning  Arresters   E.  E.  Craighton 

Standardization A.  L.  Ellis 

Motor  Drive   E.  E.   Boyer 

Direct-  and  Alternating-current  Motors  J.  B.  Wiard 

Transformers    L.    F.    Blume 

GENERAL. 

Evening  Work  for  Technical  Men   Dr.  F.  W.  Atkinson 

Early  Investigators  R.  W.  Pope 

Edison's   Work    T.    C.    Martin 

Meaning  of  Unity  Power  Factor Prof.  A.  M.  Ganz 

Lightning    Phenomena    W.    J.    Jenks 

General  Talk  on  Observations  J.  W.  Howell 

Early  Life  of  Edison   ,  .....W.   S.  Andrews 

Electric  Signs G.  H.  S.  Young 

Electric   Heating  Appliances H.   J.    Mauger 

Commercial  Ozonizer   A.  M.  L.  Labrit 
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NOTES  ON  COMPARISON  OF  ILLUMIXANTS1 


BY    SYDNEY    W.    ASHE 


Consideration  of  a  Basis  of  Comparison — Whether  two  illumi- 
nants  should  be  compared  in  terms  of  actual  lumens  emitted  or 
according  to  particular  usefulness  is  a  question  worthy  of  ser- 
ious consideration.  It  would  not  be  fair,  for  instance,  to  at- 
tempt to  compare  for  street  lighting  a  magnetite  arc  lamp  and  a 
tungsten  lamp  on  the  total  lumens  basis,  because  the  magnetite  arc 
lamp  has  certain  peculiarly  suitable  characteristics  of  distribu- 
tion, such  as  sending  out  its  maximum  lumens  between  a  900 
and  750  angle,  that  afford  very  effective  street  illumination. 
On  the  other  hand,  for  interior  illumination,  such  as  stores,  mills, 
etc.,  it  would  be  perfectly  fair  to  compare  these  lamps  on  the 
basis  of  total  lumens.  As  the  magnetite  lamp  must  operate  with 
a  series  resistance  on  a  multiple  circuit  its  comparison  with  the  in- 
candescent lamp  in  the  latter  case  is,  of  course,  not  as  favorable 
as  in  the  case  previously  cited.  Whether  an  inverted  unit  has  a 
more  preferable  distribution  than  an  upright  illuminant  is  another 
question  often  discussed  when  the  relative  merits  of  two  il- 
luminants  are  considered.  For  many  years  candles  were  burned 
in  upright  positions,  but  when  the  incandescent  lamp  appeared 
it  was  burned  in  an  inverted  position,  which  was  believed  to  be 
a  great  advantage :  but  to-day  in  many  homes  a  tendency  to  burn 
the  incandescent  lamp  in  an  upright  position  is  noticed.  And 
there  is  no  doubt  but  that  there  are  many  advantages  to  be 
gained  by  equipping  an  incandescent  lamp  with  a  reflector  which 
will  distribute  the  light  where  it  is  most  needed  and  increase  the 
efficiency  of  a  given  illumination  to  the  maximum.  Then,  too, 
there  are  lamps,  such  as  the  Nernst  lamp  and  certain  tvpes  of  in- 
verted gas  lamps  which  have  a  decided  downward  distribution 
of  light,  and  whose  loss  of  light  due  to  absorption  of  reflectors 
may  be  practically  negligible.  All  these  conditions  and  diffi- 
culties, as  well  a<;  numerous  others,  beset  the  investigator  who 
endeavors  to  adduce  a  satisfactory  basis  for  the  comparison  of 
illuminants. 

'  A  paper  read  at  a  meeting  of  the  Xew  York  section  of  the  Illuminating  Engineering 
Society.  June  8,  1911. 
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Average  Candle-power  Performance — a  Basis  of  Comparison 
— The  author  wishes  to  recommend  for  general  use  a  suggestion 
which  has  been  made  by  others,  that  two  illuminants  be  com- 
pared on  their  average  candle-power  performances  throughout 
life.  That  is  what  the  consumer  pays  for,  and  it  seems  that  this 
is  the  only  fair  basis  of  comparison.  If  this  paper  aids  in  any 
way  the  adoption  of  this  method  of  comparison,  the  author  will 
feel  it  has  accomplished  its  mission. 

The  average  performance  takes  cognizance  of  all  of  the  vari- 
able candle-power  characteristics  of  the  illuminant.  For  in- 
stance, many  gas  mantles  have  peaked  candle-power  life  curves. 
Mercury- vapor  lamps  on  the  other  hand  have  a  curve  which 
continually  falls  away.  The  decrease  is  marked  at  firjt,  and 
then  becomes  more  gradual.  Electric  arc  lamps  have  a  gradual 
decrease  during  the  life  of  the  electrodes,  due  to  the  formation 
of  dust  in  the  globe. 

Tungsten  Filament  Incandescent  Lamp — The  development  of 
the  tungsten-filament  lamp  has  done  much  to  improve  the 
general  illumination  of  large  cities.  This  lamp,  including 
the  cost  of  renewals,  gives  about  two  and  one-half  times  the 
light  for  the  same  price  as  the  old  carbon  lamp.  It  has  found 
a  ready  access  into  outlying  territories  which  beforehand  could 
hardly  be  illuminated  with  carbon  lamps.  Furthermore,  with 
the  introduction  of  the  high  candle-power  or  the  400-  and  500- 
watt  units,  this  lamp  has  replaced,  in  many  cases,  the  old  multi- 
ple type  of  enclosed  carbon  arc  lamp.  The  increase  hi  the 
use  of  this  lamp  has  been  so  large — last  year  it  was  fully  fifty 
per  cent. — that  a  study  of  the  candle-power  performances  of  at 
least  two  of  these  units  is  interesting.  The  metal  filament  of 
the  lamp  having  a  high  vapor  point  does  not  disintegrate  as 
rapidly  as  the  carbon  filament.  Consequently  the  life  of  the 
lamp  is  not  only  much  greater  than  that  of  the  carbon  lamp,  but 
its  average  candle-power  performance  is  higher.  In  figs.  1  and 
2,  it  will  be  noted  that  the  curves  peak  slightly,  and  that  the 
average  candle-power  performance  of  the  lamps  compared  with 
initial  candle-power   is   quite  high.      Ninety-four   per  cent,    (on 
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a  basis   1,000  hours)  may  be  considered  a  conservative  value   for 
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Fig.  1.— Average  candle-power  life  curve  of  6a  watt  100  volt  drawn-wire  tungsten  lamp. 
(Average  of  60  lamps  tested  in  laboratory.) 
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Fig.  2.— Average  candle-power  life  curve  of  100-watt  100-volt  drawn-wire  tungsten  lamp. 
(Average  of  24  lamps  tested  in  laboratory.) 


the  average   candle-power   performance  throughout  the   life   of 
these   units. 

Gas  Lamps — Obviously  it  is  very  difficult  to  assign  a  con- 
servative value  for  the  average  candle-power  performance  of 
gas  mantles.  Almost  every  manufacturer  of  mantles  makes  a 
large  number  of  different  grades  of  mantles  varying  from  the 
most  expensive  to  the  cheapest.  Many  mantles,  also,  are  used 
on  different  types  of  lamps.  Furthermore,  where  in  the  United 
States  can  two  plants  be  found  that  manufacture  and   deliver 

of  the  same  quality  and  pressure?  And  when  the  point 
of  phot<  .metering  a  mantle  is  reached  any  results  pertaining  to 
candle-power  life  which  might  be  obtained  will  be  affected  by 
burner  adjustment,    shrinkage   of  mantle,   variation   in   pressure 

as,  calorific  value  of  gas,  humidity,  room  temperature,  etc. 
Even   when   all   these   conditions   are  considered   there   still   re- 
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mains  the  question  of  rating  gas  lamps.  Heretofore,  the  lamps 
have  had,  similar  to  the  rating  of  arc  lamps,  a  "nominal"  candle- 
power  rating.  For  instance,  it  has  been  stated  that  a  gas  lamp 
gave  so  many  candle-power.  Whether  this  value  represented 
the  maximum  radii  of  its  distribution  curve,  or  just  what  it 
meant,  is  hard  to  say,  except  that  it  conveyed  a  wrong  impres- 
sion to  the  buyer.  This  difficulty,  however,  is  being  rapidly 
remedied  at  the  present  time  by  the  more  progressive  manu- 
facturers of  gas  lighting  devices.  Moreover,  gas  engineers  are 
resorting  to  the  modern  method  of  publishing  distribution  curves 
of  lamps,  which  give  the  values  of  the  total  lumens  as  weli  as 
the  lumens  in  the  various  zones.  The  old  method  of  rating  gas 
lamps  has  been,  and  is  to-day  wherever  it  is  employed,  detri- 
mental to  the  best  interests  of  the  gas  industry.  For  example, 
in  the  Electrical  World  of  August  18,  1910,  are  given  the  fol- 
lowing values  of  a  test  on  gasoline  street  mantles,  in  Chicago, 
under  the  direction  of  the  Merrian  Commission,  by  J.  R.  Cravath : 


Test  number 

Horizontal  candle-power 

36 

21. 1 

37 

19-3 

38 

54-0 

39 

S8.4 

39 

65.2 

40 

27.1 

41 

16.8 

42 

24.0 

43 

17.0 

44 

24-5 

45 

19.8 

46 

14.0 

47 

28.0 

These  lamps  were  supposed  to  give  60  candle-power  accord- 
ing to  their  method  of  rating.  It  should  be  noted  that  the  com- 
mission interpreted  this  as  representing  horizontal  candle-power, 
with  the  result  that  only  three  of  the  tested  lamps  were  any- 
where near  this  value. 

In  the  Electrical  World  for  September  2,  1909,  page  538,  Dr. 
Louis  Bell  published  a  list  of  candle-power  values  of  gas  lamps 
which  he  photometered  in  Boston : 


Lamp  No. 

Candle-power 

Lamp  No. 

I 

42.6 

10 

2 

30./ 

II 

3 

16.6 

12 

4 

40.8 

13 

5 

66.3 

M 

6 

31-5 

15 

7 

24-5 

16 

8 

26.5 

17 

9 

29 
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Candle  power 
24-5 
25 
24.2 

343 

30.6 

34 

32.5 

24.8 


Dr.  Bell  stated  that  the  lamps  were  not  selected  with  a  view  to 
getting  high  or  low  candle-power  values.  These  lamps,  too, 
were  supposed  to  give  60  candle-power.  It  will  be  noted,  though, 
that  their  average  was  only  31.7  candle-power. 

Mr.  Xorman  Macbeth  has  published1  data  of  actual  installa- 
tions of  gas   lamps   designed   and   tested   under   his   directions. 

Areas  Intensity  Useful 

sq.  foot-  flux 

Equipment  ft.  candles  lumens 

Frosted  tip  cylinder  clear  reflector- •   685.5  i. 25  2915 

Sand-blasted  globe 1350  2.6  33IQ 

Frosted  tip  cylinder  clear  reflector.  -2573  2.5  6450 

Effective  lumens  Per  cent. 
No.  of     /—per  lamp— n  of 

Equipment  burners    actual      rated        rating 

Frosted    tip   cylinder   clear    reflector  12        243        363        67.0 

Sand-blasted  globe 16        219        273        79.6 

Frosted   clear   tip   cylinder    reflector  18        230        263        63.4 

The  average  value  obtained  in  these  three  tests  was  70  per 
cent,  of  the  rating  of  the  lamps. 

In  the  Transactions  of  the  Illuminating  Engineering  Society, 
April,  1909,  Mr.  Preston  Millar  made  the  following  state- 
ment as  the  result  of  the  number  of  tests  and  observations  which 
he  had  made : 

My  experience  is  that  the  average  candle-power  performance  of 
street  lamps  is  from  60  to  70  per  cent,  of  the  rated  candle-power  as 
shown  by  long  laboratory  tests.  It  shows  what  we  must  take  from 
the  laboratory  efficiency  of  the  gas  lamp. 

In  arriving  at  a  conclusion,  therefore,  as  to  what  should  be 
taken  as  the  average  performance  of  the  gas  mantles  in  use 
to-day,  the  author  feels  that  70  per  cent,  is  a  conservative 
value,  taking  all  the  various  phases  and  data  at  hand  into  con- 

1  American  Gas  Light  Journal.  Oct.  II,  1909. 
Prnc.  Am.  Gas.  /nst..  vol.  IV,  p.  305. 
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sideration.  There  is  no  doubt  but  that  there  are  many  high- 
grade  gas  mantles  made  to-day  which,  when  burning  under  ideal 
conditions,  give  values  of  average  performance  which  are  higher 
than  this.  On  the  other  hand  there  is  a  very  large  number  of 
mantles  for  which  the  above  rating  would  be  altogether  too  high. 

Pilot  Gas  Flames — Owing  to  the  uncertainty  of  the  published 
data  on  pilot  flames  of  gas  lamps,  a  series  of  tests  was  made 
on  a  few  burners  purchased  in  the  open  market  to  determine 
their    consumption.      Before    beginning   the    tests    there    was    at 


Fig.  3. — Apparatus  for  measuring  consumption  of  pilot  gas  flames. 

hand  a  standard  gas  meter,  a  governor,  a  varied  assortment  of 
burners,  pilot  tubes,  a  pressure  gauge  and  a  stop  watch.  This 
apparatus  was  arranged  as  shown  in  fig.  3.  A  number  of  small 
tubes  passed  through  the  central  support  in  the  apparatus,  sc 
that  a  burner  could  be  attached  to  the  upper  end  and  the  gas  tub- 
ing to  the  lower  end.  The  pressure  gauge  read  one-eighth  inch 
and  was  connected  by  means  of  the  rubber  tubing  to  a  glass 
tubing  in  the  main  lines.  Four  different  pilot  flames  were  tested  : 
an  ordinary  pilot  flame  for  reflex  burner,  a  pilot  flame  for  \V  els- 
bach  junior  lamp,  a  pilot  flame  for  Gem  open  burner,  and  a  Wels- 
bach  turn-down  burner.  In  each  case  the  gas  consumption  for 
five  different  pressures  was  taken  and  the  average  of  at  least 
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five  different  readings  was  obtained.  The  heights  of  the  flames 
were  first  adjusted  under  normal  pressure,  so  that  thev  were  at 
a  minimum. 

The  average  readings  and  curves  of  average  value    (figs.  4, 
5,   6,   7)    are   given    below.       The   approximate    height   of   the 
pilot  flame  is  also  given.     The  values  are  self  explanatory. 
Consumption  of  Pilot  Flames. 
Welsbach   upright  turn-down  attachment 


Pressure 

*  Cu.  ft.  per  hr. 

Height 

1.0  in. 

0-343 

1.5  in. 

0.367 

2.0  in. 

0.449 

2.25  in. 

°-455 

2.5  in. 

0.506 
Welsbach  Jr. 

1.5  in. 

0.0476 

I  16  in. 

1.0  in. 

0.0265 
Gem  burner 

I  32  in. 

2.5  in. 

0.06S6 

H  in- 

slightly  yellow 

2.25  in. 

0.0628 

3  32  in. 

2.0  in. 

0.0546 
Reflex  pilot  flame 

2.5  in. 

0.212 

Kin. 

yellow  and  blui 

2.22  in. 

0.1898 

2.0  in. 

0.1747 

1.5  in. 

0.1361 

1.0  in. 

0.0944 

*  Va 

lues  recorded  are 

means  of  five  or  six  obser\ 

•ations. 

The  Gem  burner,  which  was  an  open  burner,  was  the  only 
one  which  could  be  found  at  the  time  on  the  market,  whose 
pilot  flame  was  extinguished  when  the  main  burner  was  turned 
on. 

Mercury-vapor  Lamps — In  order  to  compare  the  mercury- 
vapor  lamp  with  other  illuminants,  it  is  necessary  to  decide 
upon  some  basis  of  estimating  the  total  light  flux.  Various 
empirical  formulae  have  been  suggested,  one  of  which  was 
recently  presented  before  the  society  in  an  excellent  paper  by 
Dr.  J.  C.  Pole.  The  trouble,  however,  with  using  such  equa- 
tions is,  that  it  is  difficult  to  give  physical  conceptions  to  the 
various  component  parts  of  the  equations,  and  consequently  they 
are  unintelligible  to  the   ordinary  layman   who   is   expected   to 
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use  them.  It  is  preferable,  therefore,  to  lean  toward  the  old  method 
of  integrating  the  total  flux  in  which  the  mercury-vapor  tube 
is  considered  as  a  point  light  source  and  photometered  at  a 
distance  of  about  twenty  feet.  The  author  emphasized  in  dis- 
cussing Pole's  paper  that  this  distance  eliminates  errors  from 
considering  the  tube  as  a  point  light  source,  and  also  eliminates 
errors  due  to  the  Purkinje  effect,  provided  the  average  mean 
spherical   candle-power   is   determined   in  three  planes   and  the 
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Fig.  4. — Welsbach  Junior  pilot 
tube  flame  consumption. 


Fig.  5.— Inverted  pilot  tube  flame 
consumption. 


final  average  taken.  The  latter  value  multiplied  by  4^  gives 
the  total  lumens,  which,  from  measurements  of  the  apparent 
lumens  made  by  the  author,  appear  to  be  quite  constant,  ex- 
cepting when  measurements  are  taken  within  a  few  inches  of 
the  tube. 

Especial  attention  is  directed  to  the  accompanying  photometric 
curves  of  the  mercury-vapor  lamps.  The  curves  of  figs.  8-15 
represent  measurements  taken  in  one  plane  only.  In  those  cases 
the  tester  was  unable  to  properly  manipulate  the  tubes  and 
was  hampered  somewhat  by  the  size  and  location  of  the  photom- 
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eter.     The   tests,   nevertheless,   were   made   in   a   well    equipped 
engineering  laboratory  and,  although  only  one  tube  was  tested 
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Fig.  6.  — Gem  burner  pilot  tube 
consumption. 


Fig.  7. — Consumption  of  an  upright  gas 
lamp  with  turn-down  attachment. 


in  each  instance,  the  results  as  far  as  scientific  accuracy  is  con- 
cerned, were  the  best  obtainable.  Figs.  8,  io  and  n  represent  tests 
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Pig    ''—Candle-power  performance  of  a  45-inch,    3.5-amp.,  no-volt,  direct-current,  non- 
automatic,  mercury- vapor  lamp.     Readings  were  taken  at  2t.25  ft.  radius  with  tube 
at  450  to  photometric  axis.     Lamp  was  equipped  with  a  reflector  and 
operated  at  no  volts  during  test. 


of  the  same  lamp.  Figs.  9  and  12  also  were  plotted  from  results  ob- 
tained from  the  same  lamp.  Fig.  13  represents  a  test  of  a  3.3- 
amp.  tilting-type  lamp.  The  reduction  factor  equal  to  the  theoreti- 
cal value  for  this  particular  cylindrical  source  is  78.54  per  cent. 
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The  test  indicates  that  182  mean  spherical  candle-power  was  ob- 


1400 


Fig.  9.— Candle-power    performance  of   a  50-inch,  7.1-amp.,  110-volt,  alternating-current, 

automatic,  mercury-vapor  lamp.     Readings  were  taken  at  21.25  ft.  radius  with  tube 

at  450  to  photometric  axis.     Lamp  was  equipped  with  a  reflector  and 

operated  at  no  volts  during  test. 

tained.  The  curve  of  fig.  14  represents  the  maximum  efficiency 
of  the  same  lamp.  It  will  be  noted  that  the  most  efficient  point  of 
this  lamp  is  3.5-amperes.  Accordingly,  the  mean  spherical  candle- 
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Fig.  10.— Characteristic  curves  of  a  45-inch,  direct-current,  3.5-amp.,  no-volt, 
non-automatic,  mercury-vapor  lamp. 

power  is  increased  to  185,  which  is  a  conservative  value  for  the 
lamp.  Were  the  lamp  equipped  with  a  reflector  the  question  of  ab- 
sorption would  of  course  have  to  be  considered.  Mr.  M.  H. 
Vom  Baur  has  found1  such  absorption  to  be  as  much  as   19.5 
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per  cent.  A  double-tube  lamp,  fig.  15.  gives  288  mean  spherical 
candle-power,  or  equivalent  to  144  mean  spherical  candle-power 
for  a  single  tilting-tube  lamp,  like  that  represented  in  the  latter 
figure,  equipped  with  a  reflector.    Allowing  for  absorption   by   the 


Volts    Terminals  NO 

Volts    Arc  70 

Amperes  35 

Wafts  385 

Mean    Hemispherical    Cp  754 

Watt    per  Mean   Hemispherical  Cp.  -51 

Mean    Hemispherical     Cp     per  Wait  I  96 

Mean    Spherical    Cp.  398 

Watts    per  Mean    Spherical  Cp  •  .97 

Mean   Spherical    Cp     per  Watt  1.03 


>oarent    Candle   Power    m   a    Vertical    Plane 


Fig.  II.— Distribution  curve  of  a  45-inch,  3.5-amp.,  no-volt,  direct-current,  non-automatic, 

mercury-vapor  lamp.     Readings  taken  at  21.25  ft-  radius  with  tube  at  450  to 

photometric  axis. 

reflector  the  mean  spherical  candle-power  would  be  179,  which  is 
very  close  to  the  mean  spherical  candle-power  of  182  of  the  bare 
lamp  as  stated  above.  The  reduction  factor  of  the  mean  spheri- 
cal candle-power  of  a  bare  lamp  to  the  mean  lower  hemispherical 
candle-power,  with  a  reflector,  is  approximately  1.6.  The  fac- 
tor for  mean  horizontal  candle-power  of  the  bare  lamp  to 
mean  lower  hemispherical  candle-power  with  a  reflector  is  1.25. 

1  ///.  Eng.,  Aug.,  1906. 


514     TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 

Tests  made  to  determine  the  average  candle-power  performance 
of  the  mercury-vapor  lamps  showed  a  value  of  61  to  75  per 
cent,  of  the  initial  candle-power.     Accordingly,  the  average  mean 


Volts  Terminal  1 10 

Volts    Arc  146 

Amperes  7 

Wafts  425 

Mean  Hemispherical  Cp.  888 

Watts  per  Mean  Hemispherical  Cp.                     -47 

Mean  Hemispherical  Cp.    per  Watt  2.09 

Mean  Spherical   Cp.  474 

Watts  per  Mean  Spherical  Cp  SO 

Mean  Spherical  Cp.    per  Watt  I.I  I 


Apparent  Candle  Power  in  a  Vertical   Plane 


Fig.  12.— Distribution  curve  of  a  50-inch,  7.1-amp.,  60-cycle,  alternating-current,  automatic, 

mercury-vapor  lamp.     Readings  were  taken  at  a  21.25  ft.  radius  with  lamp  at 

450  to  photometric  axis. 

spherical  candle-power  of  the  tilting-type  direct-current  mercury- 
vapor  lamp,  fig.   13,  is  no. 

Prof.  Freudenberger  of  Delaware  College  has  stated1  that  the 
candle-power  of  a  mercury-vapor  lamp  decreased  16  per  cent, 
within    the    first    twenty-four    hours.     A    similar    statement2    by 

1  Electrical  World,  June  25,  1904. 

2  Elect.  Zeitschrift,  Dec.  22,  1904. 


ASHE:       NOTES    OX    COMPARISON    OF    ILLUMINANTS 


515 


Cur/e  of  Light   Distribution    in  a  Vertical    Plane 


50° 


Above  curve   shows  the  distribution   of  light    with    axis  of  tube  in  vertical  position. 
The   hemispherical    candle    power  is    the    same  as   the    spherical  and   is  there- 
fore    omitted    from  the    table. 


\  so/       gjy/       7ol      oof      act-        W     W     \&      \gcrX 


Fig.  13.— Distribution  curve  of  a  21-inch,  3.3-amp.,  55-volt,  direct-current,  tilting-type, 
mercury-vapor  lamp. 
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Fig.  14.  — Curve  showing  maximum  efficiency  of  a  21-inch.  3.5  amp.,  no-volt,  direct- 
current,  tilting-type.  mercury-vapor  lamp. 
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Von  Recklinhausen  reported  a  decrease  of  20  per  cent,  dur- 
ing the  first  100  hours.  Tests  of  the  newer  types  of  mercury- 
vapor  lamps  made  for  the  author  did  not  indicate  as  great  a 
decrease  at  the  beginning.  A  test  of  an  alternating  current  tube, 
however,  showed  a  decrease  of  41  per  cent,  in  1339  hours.     Also 

Volts  110 

Amperes  .3.3 

Watts  363 

Mean    Hemispherical   Cp.  567 
Watts  per  Mean    Hemispherical  Cp  64- 

Mean    Spherical  Cp.  288 

Watts  per  Mean  Spherical   Cp.  1.26 

Average    Candle    Power   in   Vertical  Plane. 


Fig.  i5.— Distribution  curve  of  a  21-itich,  3.3-amp.,  no-volt,  direct-current,  automatic, 
mercury-vapor  lamp. 

a  test  on  a  45-inch  direct-current  multiple  tube  showed  a  candle- 
power  decrease  of  46  per  cent,  in  839  hours  (fig.  10). 

Arc  Lamps — Some  illuminants  because  of  their  peculiar  fit- 
ness for  a  particular  form  of  illumination  cannot  be  justly  com- 
pared with  others.  The  luminous  arc  lamp,  for  example,  is  a 
very  efficient  illuminant  for  street  lighting,  but  for  other  il- 
lumination  it   might  be   inefficient.     A    recent   test   to   ascertain 
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the  average  life  candle-power  of  a  6.6-amp.  direct-current  series 
lamp  of  this  type  showed  that  during  109  hours  there  was  a 
decrease  of  17.2  per  cent,  in  the  candle-power.  The  life  of  the 
electrodes  was  130  hours. 

A  typical  life  candle-power  curve1  of  an  ordinary  carbon  arc 
lamp  is  shown  in  fig.  16.  It  will  be  noted  from  this  curve  that 
100 


90 


eo 


701 

10         20         30         40  50         60  70         60        90       100 

Fig.  16.  — Mean  life  candle-power  curve  of  a  standard  arc  enclosed  lamp. 

the  candle-power  fell  to  70  per  cent,  of  the  initial  candle-power 
at  the  end  of  100  hours,  and  that  the  average  candle-power  per- 
formance was  78  per  cent. 

As  a  conclusion  to  this  paper  the  author  has  summarized  the 
foregoing   notes   on    illuminants    in    a    table   given    below.     An 

Per  cent. 

of  initial 

candle-power 

Illuminant  (Average) 

Gas  mantle  ( high  grade ) 70 

Mercury  vapor  lamp,  alternating-current 75 

Mercury-vapor  lamp,  direct-current 61 

Enclosed  carbon  are  lamp 78 

Magnetite  arc  (6.6-amp.)  lamp 90 

Drawn-wire     tungsten     filament     incandescent    lamp 
1  hours)   60-  and  100-watt,   100-volt — (efficiency 

1.  iS  w.c.p.  ,i 94 

average  life  candle-power  value  has  been  assigned  for  each 
"t  the  illuminants.  The  author  considers  these  values  fairly 
representative  of  the  types  of  illuminants  mentioned. 

mii.  Hndbk.,  Sec.  12,  p.  267. 
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DISCUSSION. 

Dr.  A.  S.  McAllister  (Communicated)  : — The  author  mentions  a 
method  for  determining-  the  mean  spherical  candle-power  of 
a  mercury-vapor  lamp  by  means  of  observations  made  in  three 
planes.  Unless  used  with  extreme  caution,  this  method  might 
lead  to  very  incorrect  results  in  that  it  represents  a  generaliza- 
tion from  too  limited  a  number  of  observations  of  quantities  that 
vary  widely  in  magnitude.  However,  his  assumption  that  the 
total  number  of  lumens  measurable  on  any  surface  completely 
surrounding  the  tube  is  constant  independent  of  the  distance 
between    the   tube    and    the   surrounding    surface,    is    absolutely 


-A-e 


s£ 


9-6- 


'flx 

r 


Fig.  17. — Partial  perspective  view  of  cylindrical  area  illuminated  by  a  "surface  line" 

source. 

accurate,   certain  other   writers   to   the   contrary   noth withstand- 
ing.1 

When  a  light  tube  is  placed  within  a  cylinder  of  finite  length 
as  shown  in  Fig.  17,  it  is  at  once  evident  that  in  order  to  ascer- 
tain the  total  flux  produced  by  the  luminous  tube,  it  is  necessary 
to  integrate  the  flux  density  not  only  over  the  inner  surface  of 
the  cylinder,  but  also  over  the  two  circular  ends.  When  this 
is  done  it  is  found  that  each  element  of  the  light  line  produces 
an  absolutely  constant  amount  of  total  flux  over  the  surface  of 
the  envelope  independent  in  all  respects  of  the  size  of  the 
envelope  and  of  its  position  therein.  Incorrect  transformations 
of  unnecessarily  complicated  equations  for  representing  the  very 
simple  photometric  relations  involved,  and  abortive  attempts 
to  interpret  the  equations  thereby  evolved,  have  led  certain 
investigators  to  announce  that  the  laws  that  apply  to  the  total 
flux    from    a   point  source  are  not  applicable  to  a  line  source ;    that 

1  See  Trans.  111.  Eng.  Soc,  pp.  318,  321,  331  and  363,  April,  1911. 
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is,  that  the  summation  of  the  flux  density  over  all  areas  lighted 
by  a  surface  line  source  does  not  physically  represent  the  real 
flux  of  light,  and  differs  therefrom  numerically  according  to  the 
shape  and  size  of  the  illuminated  area.  Such  a  statement  is 
contrary  to  the  well-established  law  of  conservation. 

It  seems  proper  to  show  in  how  simple  a  manner  the  con- 
stancy of  the  total  measurable  flux  from  a  luminous  tube  can 
be  proved  for  the  special  arrangement  indicated  in  partial  per- 
spective in  Fig.   17  and  shown  more  in  detail  in  Fig.   18. 

The  luminous  mercury-vapor  path  is  a  "volume  source"  of 
light,  but  the   lamp  as  actually  constructed,  with   the   luminous 


Fig.  18. — Dimensional  diagram  of  photometric  relations  of  a  cylindrical  area 
illuminated  by  a  "  surface  line." 

path  within  a  glass  enclosure  having  opaque  ends,  can  most 
accurately  and  conveniently  be  treated  as  a  "surface-line"  source ; 
that  is,  as  a  source  to  which  the  cosine  law  is  applicable. 
Assume,  therefore,  that  the  "surface-line"  source  in  Fig.  18  has 
an  apparent  candle-power  observed  radially  of  c  per  unit  length. 
An  elementary  length  dl  would  produce  at  the  point  P  on  the 
inner  surface  of  the  cylinder  a  flux  density  of  (cdl)  sin  2a  -f-  s2, 
and  the   total   flux   over   the   elementary  area  2-n-Rdx  would   be 

d*pc  =  2-rrKd x(cdl)  sin2  a  -4-  z* ( 1 ) 

Now  X  =  R  cot  a, 

dx  =  Rdfa  -4-  sin2  a, 
z  =  R  -f-  sin  a. 


Hence 


dtyc  =  27r  {cdl)  sin2  a  da (  2  ) 
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The  whole  flux  produced  by  the  line  element  (dl)  over  the 
cylindrical  area  subtended  by  the  angle  y  is 


\j/c  =  27T  (cdl)  \         Sin2  a    da    =    27T   {cdl) 


}4    (a— sin  a    COS  a) 


i- 
'y  y 


=  Tr(cdl)  [— y  +  sin  y  cos  yj (3) 

Consider  now  the  flux  produced  by  the  line  element  (dl)  on 
the  right-hand  circular  end,  taking  first  the  ring  having  an  area 
of  2irrdr. 

aty,  =  2irrdr(cdl)  sin  /?  cos  /?  -f-  o2 (4) 

o  =  n  -7-  cos  /?, 
r  =  n  tan  p\ 
dr  =  ndfi  -f-  cos2  p\ 

sin  p    «</£    ,  .     fl  cos5  /3 

aty,  =  2tt«  -  — -  — j—z.  (cdl)  sin  p  cos  p 5— 

cos  p  cos2  p  n* 

=  2ir{cdl)  sin2  #/£ (5) 

For  a   circular  end  with  radius  of  R,  the  angle  P  becomes  y 

and  the  total  flux  for  this  angle  is 


if/,  =  2ir(cdl)  \      sin2  pdp  =  2ir(cdl) 


Yzifi  —  sin  p  cos  0) 


=  ir  (cdl)     y  —  sin  y  cos  y (6) 

To  find  the  total  flux  over  the  right-hand  part  of  the  cylinder 
and  the  right-hand  end,  equations  (6)  and  (3)  must  be  added. 
Hence 

fc  +  fc=-^-(«BO -(7) 

2 

It  is  to  be  noted  that  this  value  is  independent  absolutely  of 
the  angle  y,  the  length  n  and  the  radius  R,  hence  an  exactly 
equal  value  would  be  obtained  for  the  flux  produced  along  the 
left-hand  inner  surface  of  the  cylinder  and  the  circular  area  at 
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the  end,  so  that  the  total  flux  produced  by  the  elementary  light 
line  (dl)  is  ir-(cdl).  For  the  whole  light  line  L  the  total  flux 
is  evidently  7r2cL. 

G  mtrary  to  the  conclusions  that  have  been  derived  from  much 
more  complicated  analyses  of  this  problem,  the  value  for  the 
measurable  total  flux  is  independent  of  the  diameter  of  the 
enclosing  cylinder  or  of  its  length,  as  must  inevitably  follow 
from  the  law  of  conservation  to  which  scientists  have  as  yet  been 
unable  to   discover   any   exceptions. 

Dr.  J.  C.  Pole  (Communicated)  : — I  was  surprised  to  learn  that 
the  formulas  contained  in  my  paper  on  "Photometry  of  Mercury- 
Vapor  Lamps,"  recently  presented  to  the  society,  were  "empiri- 
cal." My  equations  were  based  on  exact  mathematical  com- 
putations and  do  not  contain  anything  which  may  justly  be 
called  empirical.  I  was  also  interested  to  learn  "that  it  is 
difficult  to  give  physical  conceptions  to  the  various  component 
parts  of  the  equations."  The  "physical  component  parts"  of 
my  equations  are  length  and  light  intensity,  which  conceptions 
are  certainly  exactly  defined.  I  have  also  noted  that  "the  equa- 
tions are  unintelligible  for  the  ordinary  layman  who  is  ex- 
pected to  use  them."  I  should  say  it  would  be  very  odd  to 
expect  the  ordinary  layman  to  use  integral  equations  in  figuring 
the  candle-power  of  a  lamp. 

As  is  shown  very  clearly  in  my  paper  and  proved  by  different 
scientists,  it  is  more  than  questionable  if  it  is.  according  to  Mr. 
Ashe,  "preferable  to  lean  toward  the  old  method  of  integrating 
the  total  flux  in  which  the  mercury-vapor  tube  is  considered  as  a 
point  light  source." 

Mr.  Ashe  states  further  that  "when  mercury-vapor  tubes  are 

metered  at  a  distance  of  twenty  feet,  this  eliminates  errors 

from  considering  the  tube  as  a  punctiform  source  of  light."     In 

other  words,   if  the   mercury-vapor   tube  were   5   inches  or   100 

inches  long  it  would  make  no  difference. 

I  was  also  curious  to  learn  that  "errors  due  to  the  Purkinje 
effect  are  eliminated  at  this  photometer  distance  (20  feet),  pro- 
vided that  the  average  mean  spherical  candle-power  is  determined 
in  three  planes  and  the  final  average  taken."  Mr.  Ashe's  con- 
ception  of  the   Purkinje   effect   is   evidentally   at  variance   with 
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mine  at  least.  Notwithstanding  the  latter-mentioned  statement  Mr. 
Ashe  has  taken  the  curves  of  light  distribution  in  one  plane 
only  and  so  computated  the  total  flux  of  light.  It  is  more 
usually  conceded  by  those  who  have  done  photometric  work, 
however,  that  it  not  admissible  to  figure  the  total  flux  of  light 
of  a  long  mercury-vapor  tube  from  one  curve  of  light  dis- 
tribution only,  as  the  photometric  body  of  the  mercury-vapor 
lamp,  especially  with  reflectors,  never  can  be  assumed  as  a  body 
of  rotation.  An  approximative^  correct  method  of  figuring  the 
luminous  flux  of  the  mercury-vapor  lamps  from  curves  of  light 
distribution,  provided  these  curves  are  taken  at  a  photometer  dis- 
tance of  at  least  ten  times  the  length  of  the  luminous  tube,  is  the 
following : — 

L,et  Tpa  signify  the  light  intensity  parallel  to  the  axis  of  the 
luminous  tube  under  the  latitude  a  (i.  e.,  counting  the  angle 
from  the  tube  axis);  let  T„a  be  the  light  intensity  noimal  to 
the  tube  axis  under  the  same  latitude.  Then  the  luminous  flux 
is  approximately 

&<f>a  =   27T]      TpaT„a    ■    COS  a    .    Aa, 

and  the  mean   hemispherical   light  intensity 


-^ 


1    T/a   .  T„a  COS  a  Aa. 


It  seems  strange  to  me  that  Mr.  Ashe,  figuring  the  total  flux 
of  mercury-vapor  lamps  as  he  does,  should  arrive  at  results  which 
are  very  close,  indeed,  to  the  correct  figures  for  these  lamps. 
Mr.  Ashe  adds,  as  if  by  way  of  qualification,  that  "the  tests 
were  made  in  a  well  equipped  engineering  laboratory  and  al- 
though only  one  tube  was  tested  in  each  instance,  the  results, 
as  far  as  scientific  accuracy  is  concerned,  were  the  best  ob- 
tainable." My  experience  has  been  that  scientific  accuracy  does 
not  depend  so  much  upon  the  good  equipment  of  the  laboratory 
as  upon  the  ability  and  the  conscientiousness  of  the  investigator. 

Pig.  13  of  Mr.  Ashe's  paper  represents  "a  test  of  a  3.3-ampere 
tilting  tube."  The  real  tilting  tube  on  the  market  is  a  3.5-ampere 
tube.  Nevertheless  the  readings  were  taken  at  the  abnormal 
current  of  3.3-amperes   which,   as   I  have  proved   by   exact   in- 
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vestigations  in  above  quoted  paper,  gives  a  poorer  efficiency  for 
the  lamp  than  the  normal  current  of  3.5  amperes. 

Mr.  Ashe  exhibits  other  curves  showing  the  falling  off  of 
the  candle-power  with  the  age  of  mercury-vapor  lamps.  In 
each  instance  he  measured  only  one  tube.  Readings  of  the 
lamp  current  and  the  voltage  between  the  tube  terminals,  as 
would  be  proper,  are  not  given.  In  one  instance  (Fig.  8)  he 
finds  the  average  performance  with  60.9  per  cent,  in  the  other 
case  (Fig.  9)  with  73.9  per  cent,  of  the  initial  candle-power. 
In  the  first  case  it  was  a  direct-current  non-automatic  tube ;  in 
the  other  case  an  alternating-current  automatic  lamp.  As  the 
alternating-current  lamp  operates  on  the  principle  of  the  rectifier 
and  the  direct-current  in  the  lamp  tube  is  in  both  cases  the 
same,  namely  3.5  amperes,  and  as  the  depreciation  in  candle- 
power  depends  largely  on  the  current  under  which  the  tube 
operates,  the  above-mentioned  curves  are  but  of  little  value 
for  drawing  conclusions.  Furthermore,  these  two  curves  (Figs. 
8  and  9)  differ  considerably  in  shape  and  character.  My  long 
experience  with  these  types  of  lamps  has  been  that  this  can  not 
be  so. 

Mr.  Ashe  (Communicated  in  reply)  : — It  is  realized,  as  Dr. 
McAllister  points  out  in  discussing  this  paper,  that  the  con- 
clusions of  Dr.  dole's  paper,  which  I  referred  to  in  my  paper 
under  Mercury-vapor  Lamps,  could  be  deduced  in  a  much  sim- 
pler manner,  and  in  such  form  that  the  ordinary  photometrist 
would  have  no  difficulty  in  interpreting  them.  I  still  believe  that 
any  photometrist  attempting  to  use  Dr.  Pole's  equations  would 
find  them  unwieldy.  Any  one  who  has  ever  had  the  ordinary 
college  course  in  differential  and  integral  calculus,  and  also 
differential  equations,  would  find  little  difficulty  with  Dr.  Pole's 
paper.  Some  people  enjoy  the  mental  gymnastics  which  come 
from  playing  with  the  higher  mathematics.  To  me,  however, 
mathematics  is  only  a  useful  means  for  arriving  at  a  definite 
conclusion,  and  where  this  conclusion  can  be  arrived  at  by  simple 
experimental  means,  I  prefer  the  latter  course. 

Dr.  Pole  takes  advantage  of  a  slight  looseness  of  the  text  in 
which  he  comments  on  photometering  a  miercury- vapor  lamp  at 
wenty  feet.     It  is  well  known,  as  Dr.  Hyde  has  pointed  out, 
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that  photometering  a  tube  at  a  distance  equal  to  five  times  the 
length  of  the  tube,  is  sufficient,  as  the  error  at  this  point  is  prac- 
tically negligible.  With  commercial  tubes,  such  as  mentioned 
in  the  paper,  this  distance  is  equal  to  about  twenty  feet.  Dr. 
Pole  feels  perhaps  that  a  distance  equal  to  ten  times  the  length 
of  the  tube  is  more  accurate?  It  is,  to  a  certain  extent. 
On  the  other  hand  at  this  distance,  the  illumination  on  the 
photometer  screen  is  less  than  a  foot-candle  when  photometering 
a  lamp  with  a  reflector  at  some  of  the  smaller  angles,  at  which 
points  it  is  extremely  difficult  to  make  comparison  between  like- 
colored  illuminants  let  alone  different  colored  illuminants. 
Furthermore  at  these  low  illuminations,  the  error  from  the 
Purkinje  effect  is  at  least  from  15  to  25  per  cent.,  as  I  know 
from  measurements  made.  It  is  interesting  to  note  that  Dr. 
Pole  acknowledges  that  there  is  a  depreciation  in  candle-power 
of  the  mercury-vapor  tube ;  that  he  has  made  a  study  of  this 
depreciation,  and  that  the  depreciation  depends  almost  entire- 
ly upon  the  current  at  which  the  lamp  operates.  I  inferred  from 
Mr.  Evans'  discussion  that  there  was  very  little  depreciation. 
I  am  sorry  that  Dr.  Pole  likewise  gives  no  values  as  to  what  he 
has  found  to  be  the  average  candle-power  performances  of  the 
lamp. 

Mr.  IV.  A.  D.  Evans: — I  have  read  with  a  great  deal  of  interest 
Mr.  Ashe's  paper  and  must  say  that  he  is  to  be  congratulated 
for  the  data  which  he  has  collected  regarding  different  types 
of  illuminants.  I  am  particularly  interested  in  the  data  which  he 
has  collected  on  the  mercury-vapor  lamps,  and  would  say  that 
in  looking  over  his  figures  and  curves,  I  find  that  in  most  cases, 
they  not  only  agree  with  the  manufacturer's  figures  but  in  some 
cases  are  even  better. 

There  are,  however,  one  or  two  points  which  I  would  like 
to  criticise.  In  the  first  place  the  measurements  of  candle-power 
as  shown  in  Figs.  13  and  15,  I  note  are  made  on  a  mercury- 
vapor  lamp  operated  at  3.3  amperes ;  and  as  shown  by  the  curve 
in  Fig.  14,  the  most  efficient  point  of  that  lamp  for  both 
these  types  is  3.5  amperes,  at  which  point  all  lamps  are  rated 
by  the  manufacturers,  and  it  is  the  point  at  which  lamps  are 
recommended  to  be  operated. 
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As  far  as  I  can  observe  from  the  curve  in  Fig.  14,  the  horizon- 
tal candle-power  at  3.3  is  about  235,  whereas  at  3.5  it  is  250, 
or  a  difference  of  15  candle-power,  approximately  an  increase 
of  6.5  per  cent.  Therefore,  while  he  figures  the  mean  spherical 
candle-power  at  3.3  to  be  182,  at  3.5  amperes  it  should  be  in- 
creased approximately  12  candles,  making  a  total  of  194  mean 
spherical  candle-power  for  the  tube. 

I  note  on  curve  as  shown  in  Fig.  11  that  the  mean  horizontal 
candle-power  of  the  45  in.  tube  is  figured  as  being  754.  The 
Cooper-Hewitt  Electric  Company  claim  for  this  type  of  lamp 
700  candle-power.  In  curve,  Fig.  12,  the  mean  horizontal  candle- 
power  is  figured  at  888,  while  the  manufacturers'  rating  on 
this  lamp  is  800.  In  Fig.  15,  the  mean  horizontal  candle-power 
at  3.3  amperes  is  567  and  at  3.5  amperes  this  would  be  604; 
whereas  the  rated  candle-power  by  the  manufacturer  is  600. 
Mr.  Ashe's  figures  therefore  check  excellently  with  the  results 
obtained  by  the  manufacturer. 

I  note  that  Mr.  Ashe  quotes  a  statement  by  Prof.  Freuden- 
berger  of  Delaware  College  and  Dr.  Von  Recklinghausen  in  re- 
gard to  the  rapid  falling  off  in  the  candle-power  of  the  tube. 
In  this  connection.  I  might  state  that  the  tubes  referred  to  by 
both  gentlemen  were  made  over  seven  years  ago  and  since  that 
time  considerable  improvement  in  the  manufacture  of  mercury- 
vapor  lamps  has  been  made. 

Mr.  Ashe's  tests  on  the  depreciation  of  candle-power  are  sim- 
ply made  on  one  lamp  of  each  type.  I  do  not  think  that  a  fair 
average  value  can  be  drawn  from  such  limited  tests.  A  test 
of  one  tungsten  lamp  could  not  be  taken  as  a  basis  for  candle- 
power  depreciation  throughout  life  for  that  type  of  lamp. 

I  also  note  that  he  states  that  there  is  a  greater  depreciation 
of  the  candle-power  of  the  direct-current  non-automatic  lamp 
than  the  automatic  alternating-current  lamp.  There  is  no  ap- 
parent reason  why  one  should  differ  from  the  other,  inasmuch  as 
both  lamps  in  their  construction  are  practically  the  same. 

I  would  like  to  ask  Mr.  Ashe  if  he  made  any  measurements  on 
the  tube  diameter,  and  also  if  the  direct-current  (that  is  the  cur- 
rent through  the  tubes)  on  both  types  of  lamps  was  kept  con- 
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stant  at  3.5  amperes  in  each  case,  and  if  the  dust  on  the 
reflectors  and  tubes  was  occasionally  wiped  off,  or  if  this  was 
allowed  to  accumulate  throughout  the  test. 

I  note  that  according  to  Fig.  12,  that  the  distribution  curve 
on  the  alternating-current  lamp  was  taken  at  7  amperes,  while 
the  candle-power  depreciation  curve  was  taken  at  7.1  amperes. 

While  Mr.  Ashe's  figures  show  a  falling  off  in  the  candle- 
power,  they  are  derived  from  a  test  of  only  one  lamp  and  I  might 
state  that  my  experience  has  been  that  I  have  never  found  that 
the  decrease  in  the  candle-power  is  sufficient  to  cause  a  custo- 
mer to  purchase  a  new  lamp.  There  has  never  been  found,  up 
to  the  present  time  the  necessity  of  determining  a  "smashing 
point"  for  the  mercury-vapor  lamps  and  there  are  lamps  in  service 
which  were  installed  seven  years  ago.  I  know  of  lamps  that  have 
been  in  commercial  service  for  56,000  burning  hours.  Some 
of  these  lamps  are  still  operating. 

In  regard  to  the  depreciation  in  candle-power,  I  might  state 
that  the  initial  candle-power  quoted  by  the  manufacturers  of 
the  mercury-vapor  lamp  is  not  as  high  as  the  actual  candle- 
power  derived  from  the  lamp.  This  will  be  apparent,  as  I  have 
shown  above  that  Mr.  Ashe's  figures  for  candle-power  are  higher 
than  those  quoted  by  the  manufacturers.  Therefore,  the  falling 
off  from  the  rated  candle-power  is  not  as  marked  in  this  lamp 
as  Mr.  Ashe's  figures  tend  to  show. 

As  is  well  known,  the  mercury-vapor  lamp  does  not  depend 
upon  its  candle-power  alone  for  its  reputation,  but  its  main 
claim  is  upon  its  visual  acuity,  and  as  stated  by  Dr.  Bell  in  a 
recent  article  in  the  Electrical  World,  he  found  that  the  acuity 
of  this  lamp  at  normal  intensities  was  practically  one  and  a  half 
to  two  times  that  of  the  incandescent  lamp,  due  to  the  spectrum 
of  the  lamp  being  almost  monochromatic  at  the  most  efficient 
point. 

Mr.  Ashe  (Communicated  in  reply)  : — Commenting  on  Mr. 
Evans'  discussion  it  is  interesting  to  note  that  the  distribution 
curves  of  mercury-vapor  lamps  given  in  the  paper,  check  up 
closely  with  the  manufacturers  values  of  similar  tubes,  although 
the  tests  were  made  only  on  single  tubes. 
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Regarding  the  candle-power  life  performance,  Figs.  8,  10  and 
11  represent  tests  on  the  same  lamp,  and  likewise  Figs.  9  and  12 
represent  tests  on  the  same  lamp. 

Although  the  values  of  light  distribution  of  these  lamps  seem 
to  check  so  well  with  Air.  Evans'  values,  and  to  indicate  good 
lamps,  still  he  states  that  the  candle-power  life  values  as  given 
do  not  check  with  values  which  they  have  for  other  lamps,  but  as 
Al  r.  Evans  does  not  give  any  candle-power  life  performance  for  the 
lamps  made  by  his  company,  it  is  impossible  to  arrive  at  any 
values  of  depreciation  of  candle-power  other  than  those  given 
in  the  paper.  I  am  aware,  however,  of  other  tests  that  have 
been  made  which  show  a  heavy  depreciation,  although  I  am  not 
at  liberty  to  give  out  the  results  of  these  tests. 

Regarding  Mr.  Evans'  statement  that  6.5  per  cent,  should  be 
allowed  according  to  Fig.  14  for  the  difference  in  candle-power 
of  the  lamp  when  operating  at  3.5  amperes  instead  of  3.3  am- 
peres, I  would  state  that  if  Mr.  Evans  will  look  at  the  curve 
in  Fig.  14  closely  he  will  note  that,  although  the  lines  are  drawn 
rather  heavily,  the  candle-power  correction  which  is  given  in 
the  table  is  quite  conservative  and  represents  about  the  cor- 
recting factor  which  should  be  used.  Air.  Evans,  however,  is 
undoubtedly  in  a  position  to  tell  more  exactly  what  that  factor 
is,  and  I  am  sorry  he  did  not  state  what  he  felt  it  should  be  in 
preference  to  attempting  to  deduce  the  values  from  the  curves 
given.  If  Air.  Evans  will  refer  to  the  curve  in  Fig.  10,  he  will 
find  that  about  the  same  factor  as  has  been  used  in  the  paper 
would  apply. 

Air.  Evans  also  states  that  it  is  not  fair  to  arrive  at  a  de- 
preciation factor  from  tests  of  single  lamps.  If  the  mercury- 
r  lamp  were  constructed  similar  to  an  incandescent  lamp 
where  there  is  a  possibility  of  large  variation  of  manufacture 
arising  it  might  be  stated  that  this  claim  is  fair.  As  the  de- 
vice is  so  simple,  however,  consisting  of  nothing  but  a  tube, 
a  vacuum  and  a  given  amount  of  mercury,  it  would  seem  that 
;r>  long  as  the  mercury  was  reasonably  pure  and  that  the  vac- 
uum was  exhausted  in  each  case  to  the  same  extent,  that  there 
should  be  very  little  variation  in  candle-power  performance  of 
the  tubes. 
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Mr.  Evans  intimates  thai  owing  to  the  long  life  which  they 
obtain  from  mercury-vapor  lamps  and  the  fairly  high  candle- 
power  performance,  that  there  is  no  such  thing  as  a  smashing 
point  for  a  mercury-vapor  lamp.  If  the  curves  of  Figs.  8  and 
9,  given  in  the  paper,  represent  approximately  average  conditions 
and  Mr.  Evans  has  given  no  data  to  the  contrary,  in  Fig.  8  where 
the  candle-power  falls  to  55  per  cent,  of  initial  candle-power 
in  600  hours,  it  would  seem  that  the  lamps  decidedly  have  a 
smashing  point. 

Mr.  Evans  offers  the  further  argument  that  owing  to  the 
difference  in  the  initial  candle-power,  which  is  given  in  the  paper, 
from  the  values  which  are  being  obtained  for  lamps,  that  the 
falling  off  in  candle-power  is  not  so  great  as  my  figures  tend 
to  show.  As  the  curves  are  figured  in  per  cent,  of  initial  candle- 
power  throughout  life,  it  does  not  seem  that  this  argument  ap- 
plies. 

Another  statement  made  by  Mr.  Evans  is  that  in  a  recent  arti- 
cle by  Louis  Bell  in  the  Electrical  World  it  was  shown  that  the 
mercury-vapor  lamp  had  a  higher  acuity  value  than  that  of  a 
tungsten  lamp.  I  have  had  occasion  to  make  a  number  of  teots 
on  the  subject  of  acuity,  some  of  which  have  been  published  from 
time  to  time  in  the  various  technical  journals.  Upon  reference 
to  the  tests  by  Dr.  Bell,  by  Alexander  Dow,  by  the  author  and 
others,  it  will  be  noted  that  the  values  have  all  been  obtained 
for  low  intensities  of  light.  Recently  some  tests  were  conducted 
for  me  in  which  intensities  of  light  on  the  test  were  high, 
extending  from  200  foot-candles  down  to  3  foot-candles.  The 
results  of  that  test  which  was  made  by  two  men  are  shown  in 
the  following  diagram,  Fig.  19.  It  will  be  noted  that  for  high 
intensities  the  tungsten  lamp  gives  a  higher  acuity  than  the  mer- 
cury-vapor lamp,  and  for  intensities  of  about  three  foot-candles 
there  seems  to  be  practically  little  difference  in  the  acuity  of 
both  these  illuminants. 

Incidentally,  the  latter  mentioned  tests  were  made  in  a  darkened 
room;  the  lamps  were  operated  from  a  storage  battery,  and 
were  burned  for  a  reasonable  time  to  allow  the  current  consump- 
tion to  become  steady.     The  eye  was  used  for  distant  vision. 

Concerning  Dr.  Bell's  results,  it  should  be  noted  that  the  test 
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results  which  he  published  were  for  "near  vision,"  which  .condi- 
tion hardly  applies  to  ordinary  shop  practice. 

It  might  be  interesting  at  this  point  to  give  a  theory  as  to 
the  cause  of  the  decrease  in  candle-power  of  a  mercury-vapor 
lamp.  It  is  fair  to  assume  that  if  the  tube  contains  a  certain 
percentage  of  oxvsren.  nn  matter  how  well  the  vacuum  is  ex- 
hausted, this  oxygen  tends  to  oxidize  the  mercury  in  the  tube 
when  the  tube  is  in  operation.  Consequently  a  thin  film  forms 
on  the  inner  surface  of  the  tube,  which  decreases  the  candle- 
power  performance.  If  the  vacuum  is  very  good  and  the  tubes 
contain   only   a  very  small  percentage  of  oxygen,  the   drop  in 
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Fig.  19. — Acuity  measurements  at  high  intensities,  distant  vision  for  tungsten 
and  mercury-vapor  lamps. 

candle-power  would  be  rapid,  and  then  the  candle-power  would 
remain  quite  constant.  This  is  indicated  in  the  statement  made  by 
Yon  Recklinhausen,  in  the  Elektrotcchnische  Zeitschrift,  Decem- 
ber 22,  1904,  where  it  is  said  that  the  candle-power  decreased  20 
per  cent,  during  the  first  hundred  hours  and  then  remained  con- 
stant. It  will  also  be  noted  in  the  curves  of  Figs.  8  and  9,  that  the 
candle-power  tends  to  become  constant  after  about  1.000  hours. 
If  a  medium  vacuum  were  obtained,  the  curves  would  naturally 
fall  off  gradually.  These  are  probably  the  conditions  indicated 
in  the  tests,  Figs.  8  and  9,  where  not  the  best  possible  vacuum 
that  could  be  obtained  was  probably  used.  These  statements 
are  offered  simply  as  a  possible  explanation  as  to  why  it  would 
be  impossible  to  obtain  a  peak  in  the  candle-power  life  curve  of 
a  mercury-vapor  lamp,  also  to  show  why  the  candle-power  would 
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decrease  during  the  unstable  period,  and  why  it  would  tend  to  re- 
main constant  beyond  that  point.  These  comments,  however,  are 
simply  my  own  theory  and  may  not  represent  the  actual  facts. 

Mr.  P.  S.  Millar: — The  first  part  of  this  paper  enters  upon  the 
discussion  of  the  proper  basis  for  comparison  of  illuminants. 
I  think  there  is  no  question  but  that  the  total  flux  of  light  is  the 
only  possible  basis  of  comparison  of  illuminants  when  the  il- 
luminants are  considered  as  light  producers.  Suggestions  which 
have  been  put  forward  for  other  bases  of  rating,  have  grown  out 
of  considerations  of  illuminating  effectiveness.  Incidentally,  I 
have  noted  with  interest  that  most  such  suggestions  have  been 
put  forward  by  manufacturers  of  lamps  or  lighting  devices,  and 
it  happens  that  the  particular  form  of  rating  advocated  by  the 
manufacturer  or  his  agent  has  been  calculated  usually  to  benefit 
the  lamp  which  he  is  most  interested  in  exploiting.  I  mention 
this  not  to  be  cynical,  but  merely  to  suggest  that  any  departure 
from  the  total  flux  in  rating  illuminants  involves  the  possibility 
of  commercial  complications  which  are  not  met  in  dealing  strict- 
ly with  total  flux  measurements.  Experience  with  other  bases  of 
rating  has  been  unfortunate  in  the  past,  and  I  think  should  be 
a  warning. 

Nevertheless  there  are  differences  which  cannot  be  ignored 
in  illuminating  effectiveness  of  illuminants  having  the  same  total 
flux  of  light,  and  the  only  way  it  seems  to  me,  to  solve  this  ques- 
tion is  to  arrive  at  some  general  term  of  total  flux  of  each  illumin- 
ant,  as  a  light  producer,  and  then  arrive  at  co-efficients  of  utiliza- 
tion of  each  illuminant  for  each  specific  class  of  illuminating 
service.  Such  co-efficients  of  utilization  when  published,  would 
have  to  be  hedged  about  by  many  restrictions  to  prevent  im- 
proper use  by  the  many  incompetent  people  who  might  use  the 
figures. 

The  paper  suggests  that  a  fair  basis  of  comparison  is  the  average 
candle-power  throughout  commercial  life.  I  think  that  may  be 
accepted  as  correct.  The  only  question  is  as  to  its  practicability. 
To  begin  with,  the  commercial  life  must  be  agreed  upon.  As 
an  example  of  the  difficulty  here  involved,  it  may  be  noted  that 
Mr.  Ashe  seems  undecided  whether  2,000  or  1,000  hours  should 
be  given  for  tungsten  lamps. 
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After  discussing  in  this  manner  the  basis  for  rating  illuminants 
the  paper  proceeds  to  give  data  on  illuminants,  gas  illuminants 
first.  If  I  am  correct,  the  author  has  based  his  conclusions  as  to 
candle-power  maintenance  of  gas  lamps,  upon  gas  and  gasoline 
street  lamps  under  service  conditions.  He  compares  these  with 
tungsten  lamp  performances  in  the  laboratory.  I  do  not  think 
that  is  quite  fair. 

Regarding  arc  lamps  this  paper  presents  considerable  informa- 
tion of  such  importance  that  I  am  impelled  to  ask  the  authority 
for  these  data.  I  take  it  that  Mr.  Ashe  did  not  make  the  tests, 
for  if  he  had  I  doubt  that  he  would  have  published  the  results 
without   further  qualification. 

I  have  not  had  such  opportunity  as  I  should  have  liked  to  go 
over  these  data,  but  I  have  glimpsed  among  them  some  figures 
which  seem  to  be  typical.  There  are  other  figures  I  could  not 
endorse.  Incidentally  I  note  for  the  6.8-ampere  78-volt  flaming 
arc  lamp,  which  is  the  so-called  Boston  type,  a  watt  per  mean 
candle-power  value  of  42/iooths.  For  this  same  lamp  Mr.  W. 
D'A.  Ryan  at  the  National  Electric  Light  Association  conven- 
tion, last  year  gave  28/iooths  watt  per  candle-power.  The  fact 
that  these  values  differ  by  40  per  cent,  illustrates  the  danger  of 
publishing  such  data  in  this  form. 

Finally,  I  should  like  Mr.  Ashe  to  mention  the  authority  for 
the  tests,  the  number  of  samples  in  each  case,  and  other  data 
necessary  to  enable  one  to  judge  how  typical  and  reliable  these 
various   figures   are. 

Mr.  Ashe  (Communicated  in  reply)  : — It  is  interesting  to  note, 
after  the  various  comments  in  Mr.  Millar's  discussion  about  the 
presentation  of  data,  the  attitude  of  manufacturers  presenting 
such  data  and  other  unfortunate  experiences  with  the  rating  of 
lamps  in  the  past,  that  he  agrees  with  the  fundamental  basis  of 
comparison  which  I  recommend,  namely,  comparisons  should  be 
made  on  the  average  candle-power  performance  throughout  life. 
In  this  connection  Mr.  Millar  also  mentions  the  difficulty  of  de- 
ciding upon  the  life  of  various  illuminants.  and  while  I  did  not 
follow  this  practice  entirely  throughout  the  paper,  it  would 
seem  that  the  proper  life  to  take  would  be  that  of  the  guaran- 
teed life  of  the  device  by  the  manufacturer:  for  example,  in  the 

ise  of  the  improved  tungsten  lamp  this  would  be  1,000  hours, 


case  of 
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which  figure  I  used  in  my  paper,  although  the  results  of  the 
tests  given  in  Figs.  I  and  2,  show  a  life  of  1,900  and  2,000 
hours.  It  would  have  been  a  comparatively  easy  matter  to  cut 
off  these  curves  at  1,000  hours,  which  I  was  tempted  to  do  in 
preparing  the  paper,  but  I  thought  that  as  the  curves  represent 
actual  tests  which  were  made,  that  it  would  be  but  fair  to  print 
the  values  as  found  similar  to  the  one  which  has  been  given  for 
the  mercury-vapor  lamps.  If,  however,  the  practice  of  using 
the  guaranteed  life  had  been  used  with  the  mercury-vapor  lamps, 
the  average  candle-power  performance  would  have  been  still 
lower  than  those  given  in  the  paper.  But  as  these  tests  had  not 
been  continued  beyond  the  period  given  in  the  paper,  it  was  felt 
that  it  would  be  preferable  to  take  the  values  from  the  number  of 
hours  which  the  lamps  had  burned,  which  have  been  indicated 
in  the  diagrams.  It  would  seem,  however,  that  as  an  ultimate 
basis  of  comparison  the  guaranteed  life  of  the  device  should  be 
the  one  on  which  the  average  candle-power  performance  should 
be  figured; 

Mr.  Millar  requests  the  authority  for  the  data  which  have  been 
presented.  Figs.  1  and  2  of  incandescent  lamps  were  made  by  Mr. 
Deshler  in  the  Harrison  laboratory  of  the  General  Electric  Co. 
Figs.  4,  5,  6  and  7  represent  tests  I  made  personally  assisted  by 
Mr.  Powell  and  Mr.  Perkins  in  the  laboratory  at  Harrison  on 
Harrison  gas.  Figs.  8  to  15  inclusive,  were  tests  made  in  the 
laboratory  of  the  General  Electric  Company  in  Schenectady,  N.  Y. 
Most  of  the  tests  were  made  under  the  personal  supervision 
of  Mr.  S.  L.  E.  Rose,  an  assistant  of  Mr.  W.  D'A.  Ryan  who  is 
in  charge  of  the  laboratory.  Fig.  16  was  taken  by  averaging 
the  two  curves  in  the  Standard  Handbook  which  represents  values 
obtained  by  Dr.  Matthews.  The  majority  of  the  arc  lamp  tests 
were  also  made  by  Mr.  Rose  and  represent  the  average  value  of  a 
large  number  of  lamps  and  a  large  number  of  readings  at  each 
point.  A  few  of  the  figures  given  for  lamp  A  and  lamp  R  were 
taken  from  lamps  of  other  manufacturers.  The  majority  of  the 
figures  represent  tests  on  General  Electric  Company  lamps.  The 
few  remaining  figures  check  within  10  per  cent,  of  the  standard 
values  of  other  lamps.  These  data  are  referred  to  more  in  detail 
in  Mr.  Rose's  discussion. 

Mr.  S.  L.  B.  Rose : — There  has  been  so  much  adverse  criticism  to 
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the  data  which  Mr.  Ashe  has  given  that  it  must  be  gratifying  to 
him  to  find  that  at  least  some  of  his  figures  and  curves  on  the 
mercury-vapor  lamp  agree  very  closely  with  those  obtained  by 
others.  All  the  curves  on  the  mercury-vapor  lamp  given  in  Mr. 
Ashe's  paper  are  results  of  tests  made  at  the  illuminating  engineer- 
ing laboratory  of  the  General  Electric  Company  and  agree  almost 
exactly  with  those  given  by  Mr.  Evans  here  to-night.  Mr.  Evans 
takes  exception  to  curve  shown  in  Fig.  15,  stating  that  this  lamp 
should  have  been  operated  at  3.5  amperes  instead  of  3.3.  In 
answer  to  this  I  would  say  that  only  one  lamp  of  this  type 
was  tested  and  when  connected  and  adjusted  according  to  in- 
structions sent  with  it,  it  took  3.3  amperes.  I  know  of  one  other 
lamp  of  this  type  which  operates  at  the  same  current  as  the  one 
which  was  tested.  The  manufacturers  claim  600  mean  hemi- 
spherical candle-power  for  this  lamp  when  taking  385  watts  at  the 
terminals.  This  would  give  an  efficiency  of  0.64  watts  per 
mean  hemispherical  candle-power,  the  same  as  given  in  Fig.  15. 

Figs.  9  and  12  show  the  results  of  tests  made  on  the  7.1  ampere 
alternating-current  multiple  mercury-vapor  lamp.  The  candle- 
power  obtained  from  the  distribution  curve  (Fig.  12)  was  used 
as  the  initial  value  for  the  depreciation  test  shown  in  Fig.  9,  and 
at  the  bottom  of  Fig.  12  it  should  be  stated  that  this  is  a  7.1- 
ampere  lamp,  the  same  as  in  Fig.  9,  which  gives  the  rating.  Mr. 
Evans  states  that  the  depreciation  curves  do  not  agree  with  those 
obtained  by  him.  The  difference  may  be  accounted  for  by  the 
methods  used  in  making  the  tests.  He  made  the  current  in  the 
tubes  constant  throughout  his  tests  while  the  tests  set  forth  in  the 
paper  were  made  with  a  constant  potential  held  at  the  lamp  ter- 
minals, which  seems  to  me  to  be  nearer  commercial  conditions  in- 
asmuch as  these  are  constant-potential  rather  than  constant-cur- 
rent lamps. 

Furthermore,  the  dust  was  removed  from  the  reflector  and  tubes 
each  time  readings  were  taken  during  the  life  tests.  Both  the 
alternating-current  and  direct-current  tubes  are  still  operating 
These  curves  represent  tests  on  one  lamp  of  each  type. 

In  the  above-mentioned  laboratory  probably  more  arc  lamp 
photometry  is  done  than  in  any  other  laboratory  in  this  country. 
And  the  experience  of  those  who  have  conducted  such  work  has 
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been  that  consistent  results  can  be  obtained  on  arc  lamps  if  a 
number  of  tests  are  made  on  several  different  trims  and  readings 
taken  by  at  least  three  different  observers.  If  time  will  not 
permit  of  tests  on  more  than  one  trim  the  curve  should  be  marked 
as  representing  one  lamp  only. 

I  have  some  figures  here  from  a  life  test  just  completed  on  a 
5-amp.  direct-current  multiple  enclosed  arc  lamp,  equipped  with 
clear  inner  globe  only  and  y2  in.  solid  carbon  electrodes  which 
show  a  decrease  in  mean  hemispherical  candle-power  of  10  per 
cent,  at  the  end  of  twenty-five  hours  and  26  per  cent,  at  the  end 
of  one  hundred  and  forty  hours,  while  the  mean  spherical  candle- 
power  showed  a  decrease  of  10  per  cent,  at  the  end  of  forty-five 
hours  and  13  per  cent,  at  the  end  of  140  hours.  The  total  life 
with  an  upper  carbon  12  in.  long  and  a  lower  carbon  5  in.  long 
was  153  hours.  Two  sets  of  readings  taken  near  the  middle  of 
this  test  showed  the  same  phenomenon  which  Mr.  Stickney  men- 
tioned and  explained,  namely,  an  increase  in  total  flux.  This 
test  represents  one  trim  only. 

I  think  Mr.  Millar's  criticism  of  the  tabulated  data  on  arc 
lamps  is  justified.  The  authority  for  these  figures  should  be 
given.  Air.  Millar  also  called  attention  to  the  difference  between 
the  figures  given  in  this  tabulation  for  the  direct-current  series 
vertical  carbon  flame  arc  lamp  78  volts,  6.6  amperes,  and  the 
figures  given  by  Mr.  Ryan  at  the  National  Electric  Light  Associa- 
tion convention  in  St  Louis  last  year.  It  was  not  until  some 
time  after  this  convention  that  our  twin-mirror  arc  lamp  photom- 
eter was  completed  and  ready  for  testing  so  that  Mr.  Ryan  in 
preparing  his  paper  found  it  necessary  to  take  a  test  made  on  a 
single-mirror  photometer.  It  was  a  comparatively  new  illumin- 
ant  at  that  time  and  both  the  electrodes  and  equipment  of  the 
present  standard  lamp  to-day  differ  from  those  used  for  the 
curve  in  Mr.  Ryan's  paper.  On  the  fourth  page  of  that  paper 
will  be  found  the  following  statement  in  reference  to  the  Bos- 
ton flame  arc.  "While  this  is  an  index  of  what  the  lamp  is 
doing  in  the  present  stage  of  development  the  characteristics  and 
efficiency  may  undergo  certain  changes  either  for  the  purpose  of 
increasing  the  life  of,  the  electrodes  or  improving  the  distribution 
and  should  not  be  regarded  as  final."     Even  the  figures  given 
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by  Mr.  Ashe  may  have  to  be  changed  before  long  due  to  im- 
proved electrodes.  In  fact  this  is  the  trouble  in  publishing  ex- 
tensive tabulations  of  this  kind,  especially  if  they  include  com- 
paratively new  illuminants.  Changes  and  improvements  are  con- 
stantly being  made,  particularly  in  electrodes,  so  that  in  six 
months  or  a  year  figures  now  correct  may  not  be  applicable. 

Some  of  the  figures  in  the  tabulation  are  taken  from  tests  made 
at  the  laboratory  which  I  represent  and  we  are  prepared  to  stand 
back  of  them  and  feel  confident  that  they  can  be  checked  within 
ic  per  cent,  at  any  time  by  using  the  same  make  of  electrodes  and 
equipment  if  proper  care  is  used  in  making  the  test.  The  rest 
of  the  figures  given,  while  not  taken  from  tests  made  by  us,  are 
within  10  per  cent,  of  our  figures  on  the  same  units  and  are  with- 
in the  limits  of  commercial  photometric  tests  on  arc  lamps. 

Our  arc  photometer  is  of  the  twin  mirror  type,  which  tends  to 
give  a  much  steadier  light  on  the  reading  screen  than  the  single- 
mirror  type,  and  takes  much  less  time  to  make  a  test.  It  also 
gives  the  average  candle-power  instead  of  the  maximum  and 
minimum  which  it  is  necessary  to  take  with  the  single-mirror 
type. 

Mr.  Norman  Macbeth : — I  quite  agree  with  Mr.  Millar  on  a 
number  of  points  which  he  has  covered  and  on  which  I  might 
possibly  have  taken  a  similar  stand.  The  question  of  how  to 
rate  a  light  source  whether  from  a  distribution  curve,  the 
total  flux,  or  the  flux  within  certain  zones  is  of  particular  in- 
terest and  undoubtedly  depends  largely  on  the  point  of  view. 
\\  hen  one  considers  light  sources  for  the  purposes  of  illumina- 
tion, the  rating  should  be  considered  from  the  standpoint  of  the 
actual  conditions  under  which  that  source  is  to  be  used.  This 
[deration  would  be  met  through  Mr.  Millar's  suggestion  of 
co-efficients  of   utilization. 

-ome  members  here  know,  I  have  had  two  or  three  discus- 
recently  on  this  question  of  allowing  seventy  per  cent,  as 
a  reasonable  reduction  factor  on  laboratory  tests  of  inverted  gas 
lamps.  This  figure  was  one  which  I  have  frequently  used  as  a 
depreciation  factor  to  apply  to  "point  to  point"  or  flux  calcula- 
tions, as  it  was  necessary  to  have  some  such  factor  to  bridge 
between  nearly  ideal  laboratory  conditions,   and   practical   every 
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day  gas  conditions  varying  as  they  do  in  different  parts  of  the 
country  and  also  to  cover  the  average  depreciation  of  mantles  and 
glassware  on  regularly  maintained  installations. 

To  apply  that  same  factor  to  the  mean  spherical  candle-power 
from  a  lamp,  equipped  with  a  reflector  directing  90  per  cent, 
of  the  flux  into  the  lower  hemisphere,  and  compare  that  value 
with  the  mean  spherical  candle-power  of  a  bare  incandescent 
electric  lamp,  generating  equal  proportions  of  light  in  the  upper 
and  lower  hemispheres,  and  with  the  flux  determination  entirely 
under  laboratory  conditions,  is  a  somewhat  different  proposition. 
The  efficiency  of  utilization  is  very  much  higher  with  the  inverted 
gas  lamps  than  it  is  with  the  bare  incandescent  electric  lamps. 

This  paper  would  have  been  very  much  more  valuable,  had  it 
left  out  some  of  the  data  here  given,  and  I  would  apply  that 
particularly  to  the  candle-power  depreciation  figures  on  tungsten 
lamps.  I  can  only  speak  for  the  gas  tests  with  which  I  have 
been  credited ;  the  factors  there  given  were  practical  utilization 
factors,  which  take  into  consideration  average  conditions  of  main- 
tenance, average  glassware,  and  not  always  good  gas  conditions. 
To  consider  the  life  curves  of  electric  lamps  under  ideal  voltage 
conditions,  and  with  selected  lamps  is  not  fair.  One  should  have 
somewhat  similar  results  from  tests  on  actual  installations  to 
compare  with  the  gas  lamp  factors,  and  if  Mr.  Ashe  did  not 
have  such  figures,  I  think  these  life  curves  could  more  properly 
have  been  given  in  the  usual  bulletin  of  the  lamp  manufacturer. 

One  page  507  where  the  effective  lumens^  per  lamp  are  given, 
the  actual  lumens  effective  were  secured  from  measurements  on 
existing  installations,  and  I  can  say  positively  that  on  that  work 
no  adjustments  of  lamps  were  made,  and  no  attempt  was  made 
to  get  special  installations.  On  the  installations  reported  here 
I  had  no  rights  other  than  those  of  the  man  on  the  street.  We 
simply  went  into  the  various  locations,  in  different  cities,  choos- 
ing a  time  when  the  people  in  the  store  were  not  busy.  It  is 
largely  for  this  reason  that  I  feel  that  results  secured  in  this 
way,  under  ordinary  commercial  conditions,  should  not  be  used 
in  comparison  with  drawn-wire  tungsten  lamp  tests,  or  any  simi- 
lar report  of  laboratory  performances.  Such  figures  should  be 
withheld  until  installations  can  be  made  and  reported  upon  in  a 
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similar  manner,  taking  into  consideration  glassware  absorption. 
off-voltage  of  service  ami  lamps,  and  in  general  the  utilization 
of  such  equipment.  If  we  propose  to  stand  for  the  advance- 
ment of  illumination,  whatever  the  source  may  be,  let  us  be  fair. 
If  we  stand  for  the  particular  advancement  of  electric  illumina- 
tion we  can  readily  produce  facts  which  may  be  admitted  to  our 
advantage  but  without  that  unnecessary  sting  of  partiality. 

In  the  pilot  tests,  if  Air.  Ashe  had  stated  that  the  tests  were 
made  on  Public  Service  gas  in  Harrison  I  think  the  qualifications 
would  have  been  valuable.  The  pilot  consumption  is  less  with 
gas  in  some  other  places  and  greater  again  elsewhere. 

The  point  was  made  in  a  paper  given  last  week  before  the 
National  Electric  Light  Association  that  pilots  were  convenient, 
enabling  the  ready  turning  out  of  a  lamp  when  it  might  not  be 
required  for  an  hour  or  so.  Should  it  not  be  considered  then 
that  a  lamp  will  be  less  continuous  in  use  when  equipped  with 
a  pilot,  and  that  therefore  the  total  gas  used  for  that  lamp  might 
be  less  when  so  equipped? 

Mr.  Ashe  (Communicated  in  reply)  : — In  Mr.  Macbeth's  dis- 
cussion I  note  the  statement  that  owing  to  the  natural  downward 
distribution  of  an  inverted  gas  lamp,  more  useful  light  flux 
is  distributed  in  the  lower  zones.  This  point  is  referred  to  in 
Mr.  Harrison's  discussion,  in  which  it  is  shown  that  if  a  com- 
parison is  made  on  the  basis  of  the  amount  of  light  in  the  60- 
degree  zone,  plus  one-half  of  the  remaining  light,  that  the  values 
come  out  slightly  in  favor  of  the  gas  lamp,  where  a  comparison  is 
made  between  a  60-watt  tungsten  and  a  single  inverted  high 
efficiency  gas  mantle. 

Regarding  the  70  per  cent,  factor  on  gas  tests,  at  a  recent 
meeting  of  the  National  Electric  Light  Association,  Mr.  Macbeth 
stated  that  he  felt  that  this  value  was  a  conservative  one.  I  note 
in  his  discussion  on  my  paper  that  he  agrees  to  the  70  per  cent, 
factor  as  he  has  used  it  frequently. 

It  should  be  noticed  that  the  70  per  cent,  factor  which  is  given 
is  a  very  much  higher  factor  than  the  actual  tests  on  street  lamps 
indicated.  For  instance.  Dr.  Bell  found  that  the  average  per- 
formance of  the  lamps  was  only  31.7  per  cent,  of  the  initial 
candle-power.  Therefore,  although  the  street  lamps  operate 
under    severe   conditions,    ample   margin    has   been    allowed    for 
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such  factors,  as  bad  regulation  which  have  not  been  allowed  for 
in  the  tungsten  lamps. 

Regarding  the  utilization  factor  which  Mr.  Macbeth  mentions, 
I  see  no  reason  why,  where  there  is  such  a  wide  allowance  in 
the  factor  for  gas  between  that  actually  obtained  as  indicated  by 
Dr.  Bell's  figures  and  that  calculated  that  the  laboratory  perform- 
ance of  a  tungsten  lamp  should  not  be  accepted  as  almost  equiva- 
lent to  that  of  its  service  use.  Aside  from  dust  collecting  on  the 
lamp,  which  is  also  true  of  the  gas  lamp,  there  is  nothing  except 
bad  voltage  regulation  which  will  effect  the  life  performance  of 
tungsten  lamp. 

Moreover,  the  life  of  a  lamp  is  decreased  with  an  increase  of 
voltage,  and  is  increased  with  a  decrease  in  voltage.  In  other 
words,  one  of  these  factors  is  continually  offsetting  the  other. 

Mr.  Ward  Harrison  (Communicated)  : — Mr.  Ashe's  paper 
seems  especially  timely.  Where  a  comparison  is  required  be- 
tween illuminants,  it  must  be  made  upon  a  scientific  basis ;  we 
are  all  familiar  with  tables  purporting  to  show  the  operating 
cost  per  candle-power  hour  for  various  illuminants  in  which  the 
term  candle-power  refers  in  the  case  of  one  lamp  to  horizontal 
intensity,  in  another  to  mean  hemispherical  candle-power,  in 
another  to  mean  hemispherical  candle-power,  in  another  to  maxi- 
mum intensity  and  in  the  fourth  to  a  merely  nominal  rating. 

It  is  often  difficult  to  decide  upon  what  basis  comparisons 
should  be  made,  but  I  quite  agree  with  Mr.  Ashe  that  whatever 
basis  is  chosen,  the  average  intensity  during  the  life  of  the 
lamp  or  renewal  part  must  be  considered. 

Of  all  general  methods  of  comparison,  that  based  on  mean 
spherical  candle-power  or  total  lumens  is  probably  the  safest  and 
least  likely  to  lead  to  serious  error.  Where  the  comparison  is 
made  for  one  particular  class  of  service,  it  is  often  advisable, 
however,  to  take  into  account  the  distribution  of  the  light  flux. 
For  commercial  installations  some  consider  a  comparison  based 
on  mean  spherical  candle-power  sufficient,  while  others  maintain 
that  the  light  flux  within  the  6o°  zone  is  alone  of  importance. 
Both  methods  are  open  to  some  criticism ;  a  better  solution  pro- 
bably lies  between  the  two.  Personally,  I  believe  that  the  flux 
within  the  6o°  zone  plus  one-half  of  the  remaining-  flux  usually 
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forms  a  fair  basis  of  comparison  in  such  installations.  It  should 
not  be  assumed,  however,  that  in  the  case  of  either  illuminant 
all  this  flux  would  be  effective  on  the  working  plane ;  in  fact 
the  width  of  a  room  would  have  to  be  three  and  one-half  times 
the  mounting  height  of  a  centrally  located  light  source  if  all 
the  flux  within  the  6o°  zone  were  to  reach  the  working  plane. 
Some  light  is,  of  course,  required  for  the  illumination  of  walls 
and  ceiling  and  a  considerable  proportion  of  this  may  be  re- 
flected to  the  plane.  When  the  walls  and  ceiling  are  dark,  a 
considerable  amount  of  light  in  the  upper  hemisphere  is  even 
more  necessary  to  give  the  room  the  appearance  of  being  well  il- 
luminated. The  difference  in  results  obtained  by  the  three 
methods  of  comparison  cited  above  is  illustrated  in  the  case  of 
two  units  widely  used  in  commercial  lighting,  inverted  gas  bur- 
ners and  tungsten-filament  lamps  equipped  with  prismatic  re- 
flectors. Curves  made  by  the  Electrical  Testing  Laboratories 
show  that  fully  68  per  cent,  of  the  light  from  an  inverted  gas 
burner  equipped  with  a  reflector  is  emitted  within  the  6o°  zone, 
while  in  the  case  of  tungsten-filament  lamps  with  reflectors 
approximately  57  per  cent,  of  the  flux  is  so  directed ;  hence  com- 
parisons between  these  units  made  on  a  mean  spherical  candle- 
power  basis  differ  widely  from  those  based  on  zonular  flux.  If 
one-half  of  the  light  outside  of  the  6o°  zone  is  added,  84  and 
78.5  per  cent,  of  the  light  from  the  gas  and  tungsten  filament 
units,  respectively,  would  be  taken  to  represent  their  relative 
values.  On  this  basis  an  inverted  gas  lamp  having  a  mean 
spherical  candle-power  6.5  per  cent,  lower  than  that  of  a  tungsten- 
filament  unit  would  be  considered  its  equal  as  an  illuminant. 
I   believe  that  this   figure   represents   fairly  well   the   advantage 

•ssed  by  the  inverted  gas  unit,  due  to  its  inherent  downward 

ibution. 

The  candle-power  performance  of  gas  lamps  is  discussed 
rather  fully  in  the  report  of  the  Committee  on  Competitive  II- 
luminants  of  the  National  Electric  Light  Association  which  was 
presented  at  the  191 1  convention.  In  this  report  are  given  the 
results  of  several  tests  of  well  maintained  installations  in  addi- 
tion to  those  cited  by  Mr.  Ashe.  These  tests  would  indicate  that 
the  figure  of  70  per  cent,   given  by  Mr.   Ashe  as  representing 
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the  ratio  between  service  and  laboratory  candle-power  tests  on 
gas  lamps  to  be  rather  high.  The  question  as  to  what  percentage 
of  the  initial  candle-power  of  a  gas  lamp  should  be  taken  to 
represent  its  average  performance  under  service  conditions  is 
one  deserving  of  the  most  careful  consideration. 

It  is  evident  that  when  given  a  "fitters  adjustment"  a  gas 
lamp  will  not  produce  such  a  high  candle-power  as  can  be 
secured  with  accurate  adjustment  on  a  photometer  bar.  The 
loss  due  to  this  cause  has  been  stated  to  be  about  10  per  cent. 
During  the  lecture  course  in  illuminating  engineering  at  Johns 
Hopkins  University  last  fall  life  tests  on  high-grade  inverted 
mantles  were  given  which  showed  an  average  candle-power 
during  the  first  thousand  hours  above  95  per  cent,  of  the 
initial  candle-power.  Consequently  if  there  were  no  further 
differences  between  laboratory  and  service  conditions,  the  rated 
candle-power  of  a  gas  lamp  would  not  have  to  be  discounted 
more  than  15  per  cent,  to  cover  both  the  inaccuracy  of  a 
fitter's  adjustment  and  the  deterioration  in  candle-power  of  the 
mantle  throughout  life. 

Some  very  exhaustive  tests  of  the  illumination  produced  by 
gas  lamps  were  conducted  two  years  ago  in  the  laboratory  of  the 
Welsbach  Company  under  the  direction  of  Mr.  Norman  Macbeth. 
In  these  tests  an  efficiency  of  approximately  330  effective  lumens 
per  lamp  was  obtained  for  inverted  mantles  operated  with  pris- 
matic reflectors  in  a  room  with  dark  walls  and  a  light  ceiling; 
assuming  the  rated  consumption  of  the  burners  this  figure  cor- 
responds to  an  efficiency  of  100  lumens  per  cubic  foot.  The  24 
lamps  used  in  the  tests  were  adjusted  by  the  eye  for  maximum 
incandescence,  and  the  pressure  was  then  held  constant  at  2.2 
inches  while  the  photometric  readings  were  taken.  Similar  tests 
were  also  conducted  in  a  room  with  a  lighter  wall  covering,  and 
the  effective  illumination  was  thereby  increased  approximately 
10  per  cent. 

In  the  service  tests  on  gas  lamps  quoted  in  Mr.  Ashe's  paper, 
which  were  credited  to  Mr,  Macbeth,  an  average  of  70  per  cent, 
of  the  efficiency  shown  in  his  laboratory  luminometer  tests  was 
secured.  These  laboratory  tests  already  included  the  allowance 
of  10  per  cent,  for  the  inaccuracy  of  a  fitter's  adjustment; 
hence  there  must  be  other  reasons   for   a   further  reduction  of 
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30  per  cent,  from  the  laboratory  figures.  I  believe  that  this 
reduction  is  due  in  a  large  measure  to  two  factors:  (a)  the  de- 
posit of  dirt  which  collects  on  the  mantles  and  in  the  passages 
of  the  burners,  and  (b)  those  fluctuations  in  gas  pressure  and 
change  in  quality  of  the  gas  which  make  a  readjustment  neces- 
sary, if  the  lamps  are  to  be  maintained  at  their  highest  efficiency. 
A  part  of  the  reduction  from  the  laboratory  efficiency  might  also 
be  attributed  to  the  collection  of  dust  on  the  reflectors  and 
globes,  but  I  am  inclined  to  believe  that  in  the  case  of  well  main- 
tained installations  such  as  those  cited  above,  where  the  glass- 
ware is  cleaned  as  often  as  once  in  two  weeks,  the  depreciation 
due  to  the  collection  of  dust  on  the  exterior  of  a  gas  unit  is 
almost  negligible. 

After  gas  burners  have  been  in  use  for  some  time  particles  of 
soot  from  the  gas  and  also  particles  of  dust  from  the  atmosphere 
find  their  way  into  the  burner  and  clog  the  ports,  thus  prevent- 
ing the  proper  mixture  of  gas  and  air.  It  is  practically  im- 
possible to  remove  this  deposit  completely  without  taking  down 
the  burners  and  giving  them  a  most  thorough  overhauling.  A 
single  example  will  serve  to  illustrate  this  point.  Some  time  ago 
a  department  of  the  company  I  am  connected  with  desired  to 
make  candle-power  tests  on  an  inverted  mantle,  which  had  been 
in  use  off  and  on  for  a  considerable  period.  Instructions  were 
given  to  the  man  in  charge  of  the  test  to  clean  the  lamp  well  be- 
fore making  any  measurements.  He  gave  it  the  same  amount 
of  attention  as  would  probably  have  been  accorded  to  it  by  a 
good  maintenance  man  at  the  time  of  changing  the  mantles. 
He  then  put  on  a  new  mantle  of  the  best  quality,  adjusted  it 
for  maximum  incandescence  with  the  assistance  of  a  photometer 
screen,  and  secured  an  intensity  of  43  candle-power.  This  fig- 
ure seemed  rather  low  and  the  lamp  was  turned  over  to  a  second 
operator,  who  cleaned  the  parts  thoroughly  and  ran  a  fine  pointed 
instrument  through  all  the  gas  and  air  passages  so  that  every 
particle  of  dust  was  removed.  The  lamp  was  then  tested  with 
a  new  mantle  under  the  same  conditions  as  before,  and  an  in- 
crease of  32  per  cent,  in  candle-power  was  obtained.  I  was 
present  at  each  of  the  tests  and  can  state  positively  that  every 
effort  was  made  to  secure  the  highest  possible  candle-power 
from  the  lamp  in  both  instances. 
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Besides  the  deposit  of  dirt  which  tends  to  clog  the  burner,  a 
considerable  quantity  of  dust  settles  upon  the  mantle  when  not 
in  use,  and  its  presence  reduces  the  candle-power  life  curve  of 
the  mantle  below  that  which  would  be  secured  in  a  laboratory 
under  conditions  of  continuous  burning. 

Gas  lamps  under  a  maintenance  contract  are  usually  inspected 
about  once  in  two  weeks,  or  at  best  once  a  week.  It  is  evident 
that  adjustments  made  at  such  intervals  cannot  take  care  of 
the  fluctuating  pressure  on  commercial  gas  lamps  or  of  changes 
in  the  quality  of  the  gas. 

As  the  result  of  considerable  investigation  along  these  lines, 
I  would  corroborate  Mr.  Ashe's  statement  that  under  good  con- 
ditions of  maintenance  the  average  intensity  obtained  from  an 
installation  of  gas  lamps  will  be  about  70  per  cent,  of  the  in- 
tensity produced  by  the  same  lamps  when  first  installed.  In 
addition  I  might  state  that  during  the  past  few  months  I  have 
had  occasion  to  go  through  the  proceedings  of  the  National 
Commercial  Gas  Association,  of  the  American  Gas  Institute, 
and  of  the  Illuminating  Engineering  Society ;  also  through  the 
files  of  the  American  Illuminating  Engineer,  of  the  London  Il- 
luminating Engineer,  of  The  American  Gas  Light  Journal  and 
of  the  Progressive  Age.  I  could  not  find  a  single  test  recorded 
in  any  one  of  these  publications  during  the  past  five  years  which 
would  indicate  that  the  average  intensity  of  a  gas  burner  in 
service  is  more  than  70  per  cent,  of  its  candle-power  when  first 
installed.  There  was  one  test  recorded  in  which  the  rated  effi- 
ciency of  the  burners  was  secured,  but  these  lamps  had  only  been 
installed  two  weeks,  when  the  measurements  were  taken,  and 
there  was  no  statement  to  show  that  the  lamps  had  not  been  ad- 
justed for  maximum  incandescence  just  prior  to  the  test. 

Mr.  Ashe  has  shown  candle-power  life  curves  of  the  drawn 
wire  tungsten  lamp  and  has  stated  that  the  average  candle-power 
during  the  first  thousand  hours  of  burning  at  1.18  watts  per 
candle  is  equal  to  94  per  cent,  of  the  initial  candle-power.  I 
believe  that  this  represents  quite  closely  the  performance  of  the 
average  drawn-wire  tungsten  lamp.  The  lamps  in  these  tests 
burned  for  considerably  more  than  a  thousand  hours;  the  aveiage 
candle-power   will,   of   course,    depend   largely   upon    the   figure 
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which  is  taken  to  represent  their  average  life.  The  total  cost  of 
producing'  light  is,  however,  to  a  great  extent  independent  of  the 
total  life  of  the  lamps.  Extensive  calculations  which  have  been 
made  in  the  engineering  department  of  the  National  Electric  Lamp 
Association  show  that  the  cost  of  producing  light  with  a  lamp 
having  a  life  curve  such  as  is  given  in  Mr.  Ashe's  paper,  will 
not  be  appreciably  different  whether  the  lamps  are  assumed  to 
have  reached  their  smashing  point  at  85  per  cent,  or  at  75  per 
cent,  of  the  initial  candle-power.  It  is  not  a  matter  of  great 
importance,  therefore,  what  life  is  taken  for  the  incandescent 
lamp,  provided  that  in  the  cost  calculation  there  is  used  the 
average  candle-power  which  corresponds  to  that  life.  In  this 
respect  the  tungsten  lamp  might  almost  be  termed  "self-regulat- 
ing." 

If  one  is  to  judge  gas  lamps  on' the  basis  of  average  candle- 
r  under  service  conditions  the  same  standard  must,  of 
course,  be  applied  to  the  other  illuminants  considered.  The  con- 
ditions which  effect  the  performance  of  the  incandescent  lamp 
in  service,  which  may  not  be  present  in  the  laboratory  test  are 
accidental  breakage,  (b)  fluctuation  in  line  voltage,  (c) 
difference  between  the  labeled  voltage  of  the  lamp,  and  the 
average  voltage  of  the  circuit,  (d)  collection  of  dust  on  lamps 
and  reflectors. 

The  effect  of  accidental  breakage  upon  the  cost  of  producing 
light  is  under  most  conditions  almost  negligible,  for  the  reason 
which  I  have  stated  above ;  namely,  that  if  lamps  are  smashed 
at  either  J$,  80  or  even  90  per  cent,  of  their  initial  candle-power, 
the  cost  of  power  and  renewals  which  will  be  required  to  pro- 
duce a  given  quantity  of  light  will  not  be  altered  more  than  a 
few  per  cent. 

Computations  in  regard  to  the  effect  of  fluctuating  voltage 
the  preformance  of  incandescent  lamps  show  that  even  if 
tlu-  voltage  varies  as  much  as  4  volts  on  either  side  of  the  mean 
value,  the  average  cost  of  producing  light  per  100,000  lumen 
hours  will  not  be  materially  affected.  Should  the  voltage  fluc- 
tuate as  much  as  ten  volts  on  either  side  of  the  mean,  it  would  be 
advisable  to  purchase  a  lamp  labeled  about  one  volt  higher  than 
the  average  voltage  of  the  line,  and  under  these  circumstances 
the  cost  of  producing  light  might  be  slightly  increased. 
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Where  lamps  are  not  operated  at  their  rated  voltage  the  cost 
of  lighting  may  be  considerably  increased,  although  the  decrease 
in  life  on  over-voltage  in  the  case  of  the  tungsten  filament  lamps, 
is  to  a  considerable  extent  compensated  for  by  their  increased 
efficiency.  In  my  opinion,  however,  it  is  scarcely  necessary  for 
the  members  of  this  society  to  consider  the  effect  of  operating 
lamps  at  the  wrong  voltage  when  speaking  of  good  service  con- 
ditions. It  would  seem  that  any  engineer  interested  in  the  econ- 
omy of  light  production  would  at  least  see  to  it  that  the  lamps 
used  on  his  circuit  are  labeled  within  one  or  two  volts  of  the 
average  voltage  of  the  line. 

The  factor  which  constitutes  the  chief  difference  between  lab- 
oratory and  service  tests  on  incandescent  lamps  is  the  collection 
of  dust  on  lamps  and  reflectors.  Simply  because  the  incandes- 
cent lamp  does  not  require  attention  at  frequent  intervals  it  has 
been  considered  by  some  quite  unnecessary  to  clean  the  reflectors. 
I  believe  that  it  is  quite  as  necessary  to  clean  the  reflectors  of  a 
tungsten  installation,  as  it  is  to  clean  and  adjust  gas  lamps,  and 
that  a  proper  allowance  for  this  cleaning  should  be  made  in  cost 
computations.  Tests  are  sometimes  published  to  show  that 
the  depreciation  due  to  dust  on  an  installation  of  incandescent 
lamps  may  be  as  high  as  30  per  cent.  It  should  be  remembered, 
however,  that  in  most  cases  these  installations  have  been  allowed 
to  operate  for  four  or  five  months  without  any  attention.  If  the 
lamps  were  cleaned  once  a  month,  the  total  depreciation. during 
that  period  would  not  be  more  than  6  or  7  per  cent.,  and  the 
average  loss  clue  to  dust  would  be  but  three  or  four  per  cent. 
I  can  see  no  reason,  therefore,  why  laboratory  life  tests  on  in- 
candescent lamps  should  be  discounted  more  than  four  or  five 
per  cent,  to  represent  good  service  conditions. 

In  the  candle-power  life  tests  of  mercury-vapor  lamps  given  in 
figures  8  and  9  average  candle-power  values  were  shown  to  the 
end  of  the  test  periods,  which  I  believe  would  not  represent  the 
total  life  of  the  lamps.  The  life  of  mercury-vapor  lamps  is  ordi- 
narily rated  at  4,000  hours  and  if  the  curves  were  produced  to 
this  point,  the  average  values  would  be  considerably  lower  than 
those  given;  in  fact  if  there  were  no  depreciation  whatever  be- 
yond the  points  to  which  these  tests  were  run,  the  average  candle- 
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power  during  life  for  the  45-inch  direct-current  lamp  would  be 
55  per  cent,  and  for  the  50-inch  alternating-current  tube  62  per 
cent,  of  the  initial  candle-power.  Other  tests  with  which  I  am 
familiar  show  that  the  candle-power  continues  to  fall  off  from  3 
to  5  per  cent,  in  each  succeeding  1,000  hours. 

At  this  point  it  may  be  of  interest  to  note  (Fig.  20)  the  results 
of  a  test  of  two  21 -inch  mercury-vapor  lamps  which  has  just 
been  completed  by  the  engineering  department  of  the  National 
Electric  Lamp  Association.  The  lamps  were  operated  on  a 
circuit,  the  voltage  regulation  of  which  was  better  than  0.5  per 
cent.     Every  precaution  was  taken  to  insure  accuracy  of  photo- 
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Fig.  20.— Candle-power  performance  of  two  21-inch,  55-volt.  direct-current  mercury-vapor 
lamps  operated  at  rated  voltage. 

metric  work.  The  auxiliary  was  adjusted  for  the  line  voltage 
and  in  this  case  the  actual  current  consumption  was  3.3  amperes 
instead  of  the  rated  3.5  amperes.  I  am  unable  to  state  what 
difference  this  would  make  in  the  life  of  the  lamps.  However,  if 
a  life  of  4,000  hours  at  3.5  amperes  were  equivalent  even  to 
6,000  hours  at  3.3  amperes,  the  average  candle-power  during 
the  rated  life  would  be  reduced  only  from  75  per  cent,  to  72  per 
cent,  of  the  initial  candle-power. 

I  do  not  consider  that  a  sufficient  number  of  lamps  were  tested 
to  warrant  the  statement  that  this  curve  represents  the  average 
performance  of  21-inch  lamps ;  nevertheless  the  data  indicates 
that  the  average  candle-power  of  these  lamps  is  considerably 
higher  than  that  Mr.  Ashe  found  for  the  larger  sizes. 
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The  distribution  curve  given  in  Fig.  15  for  two  21-inch  mer- 
cury-vapor lamps  shows  288  mean  spherical  candle-power,  which 
should  be  corrected  to  295  or  300  mean  spherical  candle-power 
for  operation  at  3.5  amperes. 

The  curve  in  Fig.  1 1  for  45-inch  lamps  shows  398  mean 
spherical  candle-power.  I  can  scarcely  believe  that  the  gain 
in  efficiency,  due  to  the  use  of  long  tubes,  is  as  great  as  these 
tests  indicate.  Data  presented  by  Dr.  Pole  before  this  society 
last  April  show  the  candle-power  per  inch  emitted  by  a  mercury- 
vapor  lamp  on  constant  current  to  be  almost  independent  of  the 
length  of  the  tube.1  One  would  expect,  therefore,  that  the  total 
light  flux  emitted  from  a  45-inch  lamp  would  be  approximately 
7  per  cent,  greater  than  for  two  21 -inch  lamps.  I  believe  that  the 
greater  difference  in  candle-power  shown  by  curves  11  and  15 
is  due  to  the  fact  that  the  curve  of  the  45-inch  lamp  represents 
readings  taken  in  one  plane  only. 

The  exceptionally  complete  table  of  the  performance  of  arc 
lamps,  which  is  included  in  Mr.  Ashe's  paper,  is  certainly  a  valu- 
able contribution.  In  most  cases  the  figures  given  for  candle- 
power  and  efficiency  check  very  closely  with  data  which  I  have 
been  able  to  secure  on  these  units. 

I  have  found  the  forms  shown  in  Figs.  21,  22  and  23  to  be  of 
considerable  value  in  recording  data  on  illuminants  in  such  form 
as  to  admit  of  ready  comparison.  A  blank  sheet  for  references 
is  usually  used  in  conjunction  with  the  three  forms  here  shown. 
The  idea  of  recording  data  in  regard  to  various  illuminants  on 
uniform  sheets  of  this  character  originated  with  Mr.  J.  S.  Cod- 
man.  I  believe  that  if  the  sheets  as  here  presented  are  care- 
fully filled  out,  it  will  be  possible  to  draw  comparisons  between 
illuminants  which  will  take  into  account  all  factors  and  which 
will  be  absolutely  fair  to  both  units  under  any  given  set  of 
conditions. 

One  cannot  reasonably  expect  that  individual  tests  on  arc  lamps 
will  agree  within  10  per  cent,  because  of  the  difference  in  car- 
bons, globes,  etc.  It  would  appear  that  the  life  of  electrodes 
given  in  this  table  is  the  life  which  would  be  secured  in  a  labora- 
tory test.  In  most  instances  the  full  rated  life  of  the  carbons 
cannot  be   obtained  under   service   conditions.     Frequently   it  is 

1  Trans.  I.  E.  S.,  Vol.  VI,  page  336. 
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DATA  FORM 


Investigation  No. 


Type  of  Illuminant  . 
Trade  Designation   . 

Manufacturer 

Power  or  Fuel  Used. 


Sheet  No.  1. 
Complete  in Sheets. 


Manufacturer's  Rating 

Average   Performance 

Volts 

Watts 

Pilot 

Flux 

M.  C-P. 

Lumens 

M    C-P. 

Lumens 

Effective  Lumens 

Light  Walls  

Dark  Walls 

Equivalent    Capacity    in    Tungsten    Filament 

Lamps Watts. 

Equipment. 


Fig.  21.— Specimen  sheet  No.  i  of  a  record  for  test  results,  statistics  and  data  pertaining 

to  an  illuminant. 


Investigation  No. 


Sheet  No.  2. 


INITIAL  INVESTMENT 


Perma- 
nent Part* 

Renewal 
Parts 

Life  of  Re- 
newal Parts 
Hours 

Appliance 

Holders 

Pilot  Attachment 

Mantles 

Tubes 

Ballasts 

Economizers 

Outer  Globes 

Inner  Globes 

Negative  Electrodes 

Total  Initial  Investment 


Discounts 


Fig.  22. — Specimen  sheet  No.  2  of  a  record  for  test  results,  statistics  and  data 
pertaining  to  an  illuminant. 
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Investigation  No Sheet  No.  3. 

OPERATING  COST 

(1)     Annual  Fixed  Charges 

(a)  Rental  Including  Maintenance 

(b)  Interest,  Insurance,  and  Taxes 

on  Total  Investment. ...  %  

Depreciation  on  Permanent  Parts  ....  %  

Maintenance  Service  

Total ,... 

(c)  Interest,  Insurance  and  Taxes 

on  Total  Investment . ...  %  

Depreciation  on  Permanent  Parts  ....  % 

Labor  for  Cleaning  and  Adjustment 

Total 


(2)     Maintenance  per 

(a)  Lamps 

Mantles 

Tubes  . 

Glowers 

Heaters 

Ballasts 

Economizers 

Chimneys 

Outer  Globes ; . 

Inner  Globes 

Positive  Electrodes  . 
Negative  Electrodes 

Repairs  ., 

Labor,  Trimming  . . . 
Inspection 


Total 

(b)   Maintenance  Service  at per  Kw-hr. 

(3)     Energy  Cost  per  1,000  Hours 

at per 

Cost  of  Pilot  Consumption  for  8,760  Hours 


Fig.  23.— Specimen  sheet  No.  3  of  a  record  for  test  results,  statistics  and  data 
pertaining  to  an  illuminant. 
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not  feasible  to  so  time  the  trimming  periods  that  the  electrodes 
are  completely  consumed ;  in  some  types  of  lamps  a  considerable 
amount  of  the  electrode  material  is  burned  away  when  the  lamps 
are  first  lighted  and  the  total  life  per  trim  will,  therefore,  depend 
to  a  certain  extent  on  the  number  of  times  the  lamps  are  turned 
on  and  off.  This  characteristic  is  especially  marked  in  some 
flaming  arc  lamps. 

Mr.  C.  O.  Bond: — I  quite  agree  with  Mr.  Ashe  on  the  need  of 
a  proper  basis  of  comparison  for  different  illuminants  and  think 
his  suggestion  that  illuminants  should  be  compared  on  average 
candle-power  performance  throughout  life  is  in  the  right  direc- 
tion.    My  only  criticism  of  it  is  that  he  does  not  go  far  enough. 

Mr.  Ashe  states:  "that  (the  candle-power)  is  what  the  con- 
sumer pays  for,  and  it  seems  that  this  is  the  one  fair  basis  of 
comparison."  If  lighting  companies  could  sell  their  product  in 
units  of  illumination,  this  would  be  correct,  but,  as  a  matter  of 
fact,  the  consumer  does  not  pay  for  candle-power,  but  for  the 
energy  consumed  in  the  production  of  the  candle-power.  Take, 
for  instance,  the  drawn  wire  tungsten  filament  lamp,  which  Mr. 
Ashe  gives  in  his  final  table  as  having  an  average  of  94  per 
cent,  of  its  initial  candle-power  throughout  its  life  when  operated 
at  100  volts.  The  consumer  continues  to  pay  for  his  full  rate  of 
energy  while  the  light  which  he  receives  averages  only  94  per 
cent,  of  this. 

In  the  case  of  the  gas  mantle  mentioned,  in  which  case  Mr. 
Ashe  credits  a  high-grade  mantle  with  averaging  only  70  per 
cent,  of  its  initial  candle-power — this  mantle  may  be  visited  regu- 
larly by  the  maintenance  man  and  the  gas  readjusted  as  is  re- 
quired by  the  shape  of  the  mantle,  and  while  the  assumed  aver- 
age candle-power  may  have  fallen  to  70  per  cent.,  yet  the  in- 
put of  energy  has  fallen  also,  so  that  the  ratio  of  energy  input 
to  light  output  may  have  changed  but  little. 

It  is  regrettable  that  a  variety  in  quality  of  mantles  and  in 
quality  of  gas  lamps  does  exist  and  probably  the  way  is  not 
yet  clear  to  establish  uniformity  in  this  matter;  but  the  future 
may  bring  that  uniformity  just  as  it  has  in  the  production  of 
electric  light  units  in  recent  years. 

I  think,  however,  that  inasmuch  as  the  final  table  of  efficien- 
cies given  by  Mr.  Ashe  has  been  drawn   so   largely   from  lab- 
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oratory  results,  that  the  same  privilege  in  the  statement  of  effi- 
ciencies should  have  been  accorded  the  gas  mantle,  particularly 
as  he  has  mentioned  it  as  a  high-grade  mantle. 

The  rating  of  gas  lamps  at  the  United  Gas  Improvement  Com- 
pany's photometrical  laboratory  is  based  on  their  efficiency  in 
terms  of  lumens  per  British  thermal  unit.  Thus  the  entire 
luminous  flux  from  the  lamp  per  unit  energy  input  is  used. 
In  mantle  tests  the  factor  of  efficiency  adopted  is  the  number 
of  British  thermal  units  input  per  mean  horizontal  candle- 
power  output.  This  factor  offers  a  comparison  between  differ- 
ent mantles  of  the  same  type.  The  relation  between  horizontal 
and  mean  spherical  candle-power  in  each  of  two  types  of  man- 
tles remains  fairly  constant. 

I  give  below  some  figures  showing  the  difference  in  the  method 
of  rating  mantles  as  suggested  by  Mr.  Ashe  on  the  basis  of  aver- 
age candle-power  and  on  the  basis  I  have  suggested  of  light  pro- 
duction from  energy  input.  Each  of  the  figures  given  is  the  result 
of  tests  of  six  mantles  of  different  make.  In  the  tests  forty 
mantles  were  used  in  each  case.  It  should  be  stated  also  that 
these  mantles  were  removed  at  the  end  of  each  test  period  and 
carried  into  an  adjoining  room  for  the  purpose  of  candle-power 
determination,  so  that  there  was  considerably  more  handling  than 
the  average  mantle  in  service  would  receive. 

While  in  all  instances  there  is  a  peak  in  the  life  curve  of 
mantles,  yet  this  peak  occurs  usually  within  the  first  one  hundred 
hours.  The  shape  of  the  curve,  however,  from  the  initial  read- 
ing to  the  one  thousand  hour  reading  approximates  a  straight 
line.  The  table  which  I  give  is  one  of  percentages,  the  figures 
in  each  case  being  the  result  of  dividing  the  first  hour  results 
into  the  one  thousand  hour  results. 


TABLE 

I.- 

-Upright 

Mantles. 

H.  C  P.  dooo  Hr.) 

B.  t.  u.  per  H.  C.  P.  (1000  Hr.) 

H.  C  P.    (ist  Hr.) 

B.  t.  u.  per  H.  C.  P.    (ist  Hr.) 

85.O 

83.8 

45-7 

63.O 

52.8 

80.O 

52.4 

74.O 

654 

76.3 

72.2 

89.2 

62.5 Average 77.5 

81.25% Average  efficiency 88.8; 
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TABLE  II. — Inverted  Mantles. 

96.0  99.5 

93.0  110.0 

91.6  99.0 

76.5  75-4 

79.0  80.8 

102.51  105.5 


89.8 Average 95-°4 

94.9% Average  efficiency 97-5% 

In  the  above-given  mantle  tests  if  a  small  hole  developed  in 
the  mantle,  and  its  area  remained  so  small  as  not  to  interfere 
with  the  proper  incandescing  of  the  entire  mantle,  the  mantle 
was  continued  in  the  test.  I  offer  these  figures  as  showing  the 
efficiency  which  is  possible  by  the  correct  use  of  the  mantle. 

If  a  mantle  becomes  carbonized  through  excess  of  gas  or  de- 
ficiency of  air,  or  violent  draughts,  it  is  possible  for  one  who 
understands,  and  will  take  the  trouble,  to  burn  this  carbon  off 
and  renew  the  efficiency  of  the  mantle  with  little  or  no  injury, 
but  right  at  this  point  is  where  appreciable  losses  in  efficiencies 
occur.  Many  people,  too,  through  ignorance  or  indifference 
permit  the  accumulation  of  carbon  until  the  mantle  breaks  down 
under  the  load.  A  proper  maintenance  system  averts  this  trou- 
ble. 

Mr.  Ashe's  table  of  the  consumption  of  gas  by  pilot  flames  is 
not  clear  to  me.  I  have  found  the  smallest  escape  of  gas  which, 
in  a  quiet  atmosphere,  will  continue  burning  to  be  i/40th  of  a 
cubic  foot  per  hour.  One-fiftieth  of  a  cubic  foot  burns  only  in- 
termittently. In  a  test  recently  made  on  the  type  of  pilot  now 
furnished  with  the  reflex  burner  mentioned  in  Mr.  Ashe's  table 
consumed  under  2.5  in.  pressure  i/ioth  of  a  cubic  foot  per  hour, 
when  adjusted  to  a  flame  length  of  T4  in. 

Mr.  Ashe  (Communicated  in  reply)  : — In  replying  to  Mr. 
Bond's  excellent  contribution,  I  include  a  paragraph  of  my 
original  paper,  which  was  omitted  inadvertently  in  printing  the 
accompanying  paper.  This  paragraph  was  intended  to  be  in- 
serted at  the  end  of  the  material  on  gas  lamps. 

"In  considering  the  question  of  the  performance  of  the  gas  mantles, 
the  matter  of  the  efficiency  of  the  mantle  is  some  times  introduced.  As 
the  mantle  burns,  the  mantle  shrinks.  Consequently,  a  smaller  volume 
of  gas  is  required  to  illuminate  the  entire  mantle,  which,  if  careful 
adjustment   of   the   burner   is   made,   keeps   up   the   value   of   effective   lu- 
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mens  generated  per  cubic  foot  of  gas  consumed.  Statements  have  been 
made  to  the  effect  that  some  mantles  have  been  tested  on  which  the 
efficiency  is  ioo  per  cent,  on  this  basis  of  comparison." 
This  is  inserted  simply  to  show  that  I  had  anticipated  this  meth- 
od of  rating.  It  does  not  seem,  however,  that  this  method  is 
entirely  commercial.  Owing  to  the  ordinary  operation  of  gas 
mantles,  even  where  the  mantles  are  maintained  by  the  gas  com- 
panies, the  maintenance  charge  would  become  excessive,  if  an 
attempt  were  made  to  continually  adjust  the  burner  to  afford 
values  like  the  laboratory  values  which  Air.   Bond  gives. 

According  to  Mr.  Bond's  figures,  it  seems  to  make  consider- 
able difference  whether  this  adjustment  is  made  or  not,  as  in 
one  case  for  the  upright  mantle  a  value  of  62.5  per  cent. 
is  given,  whereas  the  value  where  the  adjustment  is  made  is 
77.5  per  cent.  Furthermore  most  consumers  do  adjust  their 
burners  occasionally.  The  frequency  of  the  adjustment  usually 
increases  as  the  mantle  reaches  the  end  of  its  life,  and  an  at- 
tempt is  made  to  get  an  increased  candle-power  from  it. 

Mr.  Bond  makes  the  statement  that  the  consumer  continues 
to  pay  full  rate  for  energy  for  the  tungsten  filament  lamp,  while 
the  light  he  receives  averages  only  94  per  cent,  of  this.  Mr. 
Bond  evidently  did  not  have  the  energy  life  curves  of  the  tungsten 
lamps  before  him  when  writing;  for  he  would  have  noticed  that 
at  the  end  of  one  thousand  hours  the  energy  input  for  the  100- 
watt  lamp  falls  to  96  per  cent,  of  the  initial  input.  This  is  a 
characteristic  of  lamps  of  this  type;  as  the  candle-power  falls 
blightly,  the  energy  consumption  also  falls  slightly.  There  is  a 
small  difference  of  energy  which  the  customer  pays  for,  for 
which  he  does  not  receive  light,  but  this  can  be  readily  seen 
i?  an  extremely  small  quantity,  and  compared  with  gas  lamps, 
the  same  factor  would  probably  be  greater  for  the  gas,  as  Mr. 
Bond's  figures  tend  to  show. 

It  is  interesting  to  note  the  values  which  Mr.  Bond  gives  for 
laboratory-tested  high-grade  gas  mantles.  The  high  character 
of  the  work  which  Mr.  Bond  does  and  of  what  he  has  published 
in  the  past  warrants  the  acceptance  of  these  results  as  a  valuable 
addition  to  the  data  on  the  subject.  It  would  have  been  more 
interesting  if  he  had  given  figures  which  show  the  service  de- 
preciation  over  laboratory   depreciation  of  gas  mantles.     From 
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the  results  published  by  various  authorities,  it  seems  that  the 
actual  service  depreciation  is  very  heavy.  On  the  other  hand 
with  the  tungsten  lamp,  as  has  been  stated  in  other  discussion, 
it  is  so  slight  that  it  is  only  in  cases  of  extreme  voltage  fluctua- 
tion that  the  deterioration  in  service  is  of  such  magnitude  as  to  be 
considered.  Service  tests  which  have  been  made  on  a  well  regulated 
system  tend  to  indicate  that  there  is  practically  no  difference  be- 
tween service  values  and  laboratory  values  so  far  as  average 
candle-power  performance  of  tungsten  lamps  is  concerned. 
Owing  to  increased  vibration  and  rough  handling,  the  average 
life  of  the  lamp  is  shorter  than  the  laboratory  life,  but  this 
lias  nothing  to  do  with  candle-power  performance.  Where  the 
lamps  are  kept  clean,  I  see  no  reason,  as  previously  stated,  why 
it  is  not  fair  to  compare  laboratory  values,  or  service  values 
which  are  the  same  as  laboratory  values,  with  the  service  values 
of  gas  lamps.  .There  are  so  many  factors  which  affect  the 
performance  of  gas  lamps,  which  do  not  affect  the  performance 
of  tungsten  lamps  that  the  above  facts  are  self-evident  to  any 
one  who  has  studied  this  subject  carefully. 

Mr.  J.  B.  Klumpp : — I  notice  in  Mr.  Ashe's  paper,  on  page  506, 
a  reference  to  an  article  in  the  Electrical  World  of  August  18, 
1910,  of  tests  made  by  the  Merriam  Commission  of  Chicago,  on 
the  gasoline  street  lighting  in  that  city.  These  tests  are  so  stated 
as  to  leave  an  impression  that  the  results  represented  the  aver- 
age condition  of  the  entire  number  of  lamps  in  the  service ;  where- 
as, the  list  quoted  only  includes  some  thirteen  lamps,  and  the 
fact  was  that  only  about  fifty  lamps  were  tested  out  of  more 
than  seven  thousand  in  use.  The  results  of  these  thirteen  lamps 
quoted  it  will  be  noted,  averaged  only  29.9  candle-power. 

The  article  mentioned  in  the  Electrical  World  gives  ore 
an  impression  that  the  representative  of  the  contracting  company 
assisted  in  the  testing;  whereas,  he  was  present  only  on  suffer- 
ance and  had  no  voice  in  the  selection  of  the  lamps  tested.  It 
is  known,  also,  that  the  testing  party  passed  hundreds  of  well 
appearing  lamps  before  selecting  the  abnormally  low  ones  which 
were  tested  and  results  of  which  are  quoted  in  this  report.  It 
will,  also,  be  noticed  that  a  lamp  as  low  as  1.9  candles  is  included 
in  the  average.  Under  ordinary  conditions  such  low  candle- 
powers   are   considered   outages,   and   generally   mean   a   broken 
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or  fallen  mantle.  No  reference  is  made  in  ths  article  that  these 
lamps  were  based  on  (according  to  the  contract)  delivering  a 
Hefner  candle,  which  is  only  0.9  of  the  international  candle. 

A  test  made  later,  in  August,  19 10,  under  the  same  contract, 
by  the  city's  gas  tester,  in  conjunction  with  the  contractor's 
engineer,  on  150  lamps,  showed  that  these  lamps  averaged  63.75 
Hefner  candles.  The  results  of  this  test  are  shown  in  the 
accompanying  table. 

On  September  1,  19 10,  a  new  contract  was  made  with  the  same 
company  and  sixty  international  candles  were  demanded,  and 
the  following  tests  show  the  result  of  a  monthly  investigation  by 
the  city's  gas  tester,  in  conjunction  with  the  contractor's  repre- 
sentative. Under  the  new  contract  the  lamps  are  selected  in  such 
manner  as  to  give  the  contractor  a  fair  representative  test.  Ten 
consecutive  lamps  are  taken  in  each  of  fifteen  selected  localities, 
which  demands  that  the  good  lamps  shall  be  tested  as  well  as  the 
bad  ones ;  which  was  not  the  case  in  the  test  made  by  the  Merriam 
Commission. 

During  the  winter  months  candle-power  tests  of  lamps  were 
not  made,  but  visual  inspections  of  some  six  or  eight  hundred 
lamps  were  made  monthly  by  the  city's  testers  and  the  lamps 
were  reported  as  giving  satisfactory  service. 

It  might  be  noted  that  under  the  present  contract,  no  deduc- 
tions are  made  for  lamps  unless  they  fall  below  forty-five  candle- 
power,  and  all  lamps  giving  fifteen  candle-power  or  less  are 
considered  out. 

Xo.  Lamps      Above  44  to        Below  Average  C-p.  Obtained 

Month  Tested  60  C-p.        60  C-p.     45  C-p.  Hefner        International 

Reported  by  Contracting  Company 


Aug., 

1910 

*5o            99 

63.7 

Oct., 

1910 

150             96 

45 

9 

62.99 

Nov., 

1910 

35             24 

11 

0 

64.10 

Reported  by 

City 

Gas 

Tester 

Mar., 

191 1 

150           98 

47 

5 

63-30 

Apr., 

191 1 

150            93 

52 

5 

62.44 

May, 

1911 

150            68 

6S 

14 

58.60 

June, 

1911 

150          104 

4i 

5 

.... 

46.20 

/.  R.  Cravath  (Communicated)  : — Regarding  the  condition  of 
gasoline  street  lamps  in  Chicago  during  May  and  June,  19 10,  at 
the  time  investigations  were  being  carried  on  by  the  engineers 
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of  the  Merriam  Commission,  I  wish  to  state  that  this  particular 
investigation  was  in  charge  of  W.  H.  Zimmerman  &  Company 
of  Chicago,  who  in  turn  employed  me  to  make  candle-power  tests 
on  gasoline  and  other  street  lamps.  The  engineers  connected 
with  these  tests  on  behalf  of  the  Merriam  Commission  stand 
responsible  for  their  fairness  and  accuracy.  Mr.  Klumpp  was 
not  present  at  any  of  these  tests  and  has  evidently  been  misin- 
formed on   a  number  of   important   points. 

Every  effort  was  made  to  have  the  tests  made  on  these  gasoline 
lamps  represent  the  average  conditions.  The  method  employed 
in  selecting  lamps  for  tests  was  as  follows.  The  day  before  each 
test  the  engineers  in  charge  of  the  investigation  consulted  a  map 
of  the  city  showing  the  location  of  gasoline  lamps,  and  on  this 
map  selected  at  random  without  any  knowledge  of  local  condi- 
tions, a  locality  in  which  a  number  of  gasoline  lamps  were  being 
operated.  The  locality  selected  was  not  announced  until  all  con- 
cerned were  ready  to  start  for  the  place  of  testing  that  evening. 
Upon  arriving  at  the  locality  where  the  testing  was  to  be  done,  the 
test  was  begun  at  a  place  selected  at  random  and  from  then  on 
the  lamps  were  tested  consecutively  along  a  street  or  route  until 
the  work  in  that  locality  was  finished.  In  this  way,  we  believe, 
the  tests  represented  as  near  a  true  average  as  was  possible  irom 
testing  such  a  limited  number.  The  fact  is,  the  real  conditions 
were  considerably  worse  than  indicated  by  the  few  tests  quoted 
in  Mr.  Ashe's  paper.  The  tests  in  his  paper  were  made  only 
after  the  gasoline  lighting  company  had  knowledge  that  an  in- 
vestigation was  going  on,  and  therefore  had  opportunity  to  im- 
prove its  lamp  condition.  Twenty  preliminary  tests  showed  an 
average  of  only  19.4  candle-power.  During  the  latter  tests  the  gaso- 
line lighting  company  was  represented  by  Mr.  F.  V.  Westermeier 
as  its  expert  and  'the  city  electrical  department  of  Chicago  which 
has  charge  of  street  lighting  was  represented  by  Mr.  E.  M. 
Tompkins  its  electrical  engineer.  Mr.  Westermeier  as  an  expert 
for  the  gasoline  lighting  company  was  present  for  the  express 
purpose  of  seeing  to  the  accuracy  and  fairness  of  the  tests  and  to 
raise  objection  to  any  methods  of  procedure  which  he  might  con- 
sider improper.  No  such  objections  were  raised  and  the  whole 
affair  went  off  harmoniously  as  far  as  the  engineers  and  experts 
involved  were  concerned.     However,  the  superintendent  of  the 
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gasoline  lighting  company  did  take  some  exception  to  our  meth- 
ods because  he  was  not  allowed  to  select  some  of  the  localities  in 
which  testing  was  to  be  done.  As  our  effort  was  to  get  at  the 
true  state  of  affairs  throughout  the  city  rather  than  to  test  a  few 
picked  lamps  specially  prepared  for  test  by  the  company,  the 
absurdity  of  such  a  proposition  needs  no  comment. 

Since  the  Merriam  Commission  investigations  were  made,  a 
new  contract  has  been  enforced  which  provides  for  rebates  to  the 
city  when  150  lamps  tested  per  month  average  below  45  candle- 
power;  the  test  being  made  with  the  glass  lantern  door  open  in- 
stead of  closed  as  in  the  Merriam  Commission  test.  As  a  result 
of  this  contract,  maintenance  conditions  of  gasoline  lamps  have 
been  so  improved  that  I  am  now  informed  the  candle-powers 
average  in  the  neighborhood  of  60  with  the  lantern  door  open. 
The  improved  conditions  are  manifest  without  the  aid  of  any 
photometer.  It  is  of  course  true  that  more  tests  would  have 
been  desirable  to  determine  the  actual  conditions  of  gasoline 
lamps  in  Chicago  at  the  time  the  Merriam  Commission  engineers 
began  their  work.  However,  the  tests  made  represent  average 
conditions  as  nearly  as  was  possible  with  such  a  limited  number 
of  tests.  The  charge  that  bad  lamps  were  selected  for  tests  and 
good  ones  deliberately  passed  by,  as  made  by  Mr.  Klumpp  is 
absolutely  without  foundation.  Had  it  been  true  it  should  have 
been  made  by  the  company's  expert  at  the  time  of  the  public 
hearing  of  the  commission  on  this  matter  and  our  method  of  pro- 
cedure would  also  have  been  objected  to  by  him  during  the  tests. 
Furthermore,  if  the  charge  is  true,  it  should  be  sufficient  to  ruin 
the  professional  standing  of  all  the  engineers  connected  with  the 
tests  and  should  be  a  matter  for  investigation  by  this  society  and 
other  engineering  bodies  to  which  the  engineers  involved  belong. 
I  believe  the  condition  of  gasoline  lamps  in  Chicago  previous  to 
this  investigation  was  the  result  of  ignorance  by  all  concerned 
rather  than  intention  or  carelessness  on  the  part  of  the  company 
supplying  the  lamps.  The  investigation  showed,  however,  the 
great  importance  of  proper  maintenance  of  mantel  burners  and 
the  desirability  of  frequent  candle-power  measurements  to  insure 
a  high  grade  of  service  from  the  lamps. 

Mr.  Ashe  (Communicated)  : — Regarding  the  tests  of  the  Mer- 
riam .Commission  to  which   Mr.   Klumpp  refers,   I  would   state 
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that  as  Mr.  Klumpp  has  evidently  made  a  very  careful  investi- 
gation of  this  situation  his  communication  is  instructive  because 
it  gives  a  number  of  facts  which  have  not  been  made  public  be- 
fore. I  am  not,  however,  in  a  position  to  comment  on  this  dis- 
cussion. 

One  word  before  passing  Mr.  Klumpp's  discussion,  and  that 
is  that  no  values  are  given  of  actual  replacements.  It  would  be 
interesting  if  in  connection  with  his  data  he  could  give  the  life 
values  of  the  mantles  tested,  so  as  to  indicate  whether  the 
maintenance  of  the  present  lamps  is  cared  for  on  a  basis  similar 
to  that  which  was  in  existance  before  the  Merriam  Commission 
made  its  report. 

Mr.  B.  F.  Fisher,  Jr. : — I  have  been  very  much  interested  in  Mr. 
Ashe's  curves,  and  I  would  like  to  know,  just  how  these  curves 
were  made.  Have  the  early  burn-outs  been  included?  The  figure 
of  94  per  cent,  as  a  "conservative  value  for  the  candle-power  of 
the  tungsten-filament  lamp,  during  1,000  hours,"  is  rather  strik- 
ing, as  I  have  been  unable  myself  to  decide  as  to  just  what  that 
average  value  should  be ;  and  I  would  like  to  know  whether  it 
is  a  value  eliminating  early  burn-outs  on  the  test,  as  is  sometimes 
done  in  giving  the  value  of  tungsten  lamps. 

Mr.  Ashe: — Replying  to  Mr.  Fisher's  question  regarding 
whether  the  curves  included  early  burn-outs.  I  may  state  that 
Figs.  1  and  2  for  improved  tungsten  lamps  are  average  values 
including  burn-outs  from  actual  lamps  tested,  and  represent  the 
facts  as  found. 

Mr.  P.  S.  Millar  (Communicated)  : — The  author  has  presented 
in  this  paper  arc  lamp  data  which  are  of  much  interest  and  which 
should  be  valuable.  They  suffer,  however,  from  lack  of  quali- 
fication. Consider,  for  example,  the  multiple  enclosed  carbon 
arc  lamp  equipped  with  an  opal  inner  globe  and  a  reflector. 
The  candle-power  and  efficiency  of  enclosed  arc  lamps  may  vary 
with  the  type  of  regulation  of  the  lamp,  with  the  quality  of  the 
carbons,  with  the  size  and  shape  of  the  inner  globe,  with  the 
absorption  of  the  inner  globe,  and  with  the  rate  at  which  air  is 
admitted  to  the  inner  globe.  This  latter  may  vary  among  differ- 
ent makes  of  lamps  and  among  individuals  of  any  one  make,  and 
it  may  vary  with  the  fit  of  the  globe  against  the  globe  cap.  It 
may  depend  also  upon  whether  the  lamp  is  burned  indoors  or 
outdoors. 
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These  possible  variables  have  been  ignored  in  this  paper.  To 
have  stated  that  enclosed  arc  lamps  of  the  type  described  have 
been  tested  repeatedly  in  certain  laboratory,  describing  specif- 
ically the  equipment  of  the  lamp  and  the  conditions  of  burning 
in  each  of  the  respects  mentioned,  and  then  to  have  presented 
the  average  value  obtained,  would  have  made  this  contribution 
more  valuable.  To  present  the  data  without  the  qualification 
here  suggested  makes  the  contribution  liable  to  misapplication. 

It  has  developed  in  the  discussion  of  the  paper  that  most 
of  the  tests  were  made  in  the  well-equipped  laboratory  of  a 
manufacturing  company.  This  leaves  in  doubt  the  authority  for 
some  of  the  tests  and,  further,  the  question  as  to  which  tests 
were  made  in  the  laboratory  referred  to  and  which  tests  were 
made  elsewhere.  To  those  who  desire  to  use  the  data  discern- 
ingly, this  constitutes  an  additional  handicap. 

Although  it  is  not  so  stated  in  the  paper,  yet  it  is  apparent 
that  the  arc  lamp  values  presented  are  initial  values,  in  spite 
of  the  fact  that  there  is  emphasized  in  the  first  part  of  the  paper 
the  importance  of  the  average  candle-power  throughout  life 
rather  than  the  initial  candle-power  as  a  basis  of  comparison. 

Personally,  I  feel  indebted  to  Mr.  Ashe  for  the  data  which  he 
has  made  available.  I  believe  that  it  is  a  valuable  contribution  to 
the  Transactions  of  this  society  and  that  it  will  be  very  useful 
10  the  members  of  the  society  at  large,  provided  only  that  it  is 
accepted  as  subject  to  application  limitations  of  the  character 
suggested  above. 

Mr.  Ashe  (Communicated  in  reply)  : — In  view  of  the  expe- 
rience which  Mr.  Millar  has  had  on  arc  lamp  photometering,  it 
seems  unfortunate  that  instead  of  presenting  communications 
in  the  nature  of  criticism,  he  should  not  present  data,  which  he 
no  doubt  has  in  his  possession,  which  would  make  both  his 
discussions  of  my  paper  more  valuable. 

The  purpose  of  presenting  this  paper  was  twofold :  first,  to 
establish  the  proper  basis  of  comparing  illuminants,  with  which 
Mr.  Millar  seems  to  be  in  agreement,  as  are  the  majority  of  those 
who  have  discussed  the  paper;  second,  to  present  a  large  amount 
of  data  which  should  be  helpful  in  arriving  at  a  conclusion  as  to 
the  value  of  different  types  of  illuminants.  The  data  given  have 
been  collected  at  considerable  expense.     It  was  hoped  that  the 
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initiative  taken  in  getting  out  data  of  this  kind,  would  be  fol- 
lowed up  by  other  companies  (a  practice  not  in  vogue  at  the 
present  time),  so  that  data  from  different  reliable  sources  could 
be  compared  and  final  conclusions  drawn.  In  all  the  data  which 
have  been  presented,  care  has  been  taken  to  specify,  either  in  the 
paper  or  in  the  discussion,  where  the  tests  were  made,  also  the 
authority.  There  is  no  reason  why  one  should  doubt  the  data 
when  the  high  character  of  those  who  have  assisted  in  collating 
the  data  is  taken  into  consideration.  Any  one  particularly  in- 
terested in  this  subject,  who  carefully  reads  the  paper  and  my 
discussion  need  make  no  mistake  in  interpreting  the  data  pre- 
sented. 

Mr.  R.  B.  Husscy  (Communicated)  : — The  basis  of  comparison 
brought  out  by  Mr.  Ashe,  that  of  average  candle-power  life  ser- 
vice, is  a  valuable  one  and  while  not  new  is  one  that  is  practi- 
cally lost  sight  of  in  ordinary  comparison.  The  principal  diffi- 
culty appears  to  be  in  the  determination  of  the  useful  life  of  the 
illuminant.  This  useful  life  will  depend  upon  local  conditions 
such  as  cost  of  power  and  conditions  of  service,  steadiness  of 
line  voltage,  etc.  A  fluctuating  line  voltage  will  materially  re- 
duce the  useful  life  of  a  tungsten  lamp  and  a  continued  jarring 
or  vibration  will  affect  the  life  of  a  gas  mantle  installation. 

The  average  candle-power  life  figure  is  of  value  principally 
as  a  sort  of  correction  factor  to  the  efficiency  and  maintenance 
figures.  Assuming  for  the  moment  that  the  table  of  average 
candle-power  life  figures  are  correct,  it  does  not  of  necessity 
mean  that  the  tungsten  lamp,  for  example,  is  more  efficient  than 
the  direct-current  mercury-vapor  lamp.  The  tungsten  lamp 
from  the  curves  given  on  page  505,  makes  an  excellent  showing 
when  the  lamps  are  considered  to  have  a  life  of  only  1,000  hours; 
but  if  the  maintenance  of  the  lamp  is  calculated  on  that  life, 
it  will  be  found  to  be  high.  On  the  other  hand  if  the  life  be 
taken  as  is  usual,  at  1.300  or  1,700  hours,  the  average  candle- 
power  life  will  be  lower  but  the  maintenance  will  also  be  lower. 

While  there  is  undoubtedly  some  deposit  on  the  globes  of  in- 
closed and  luminous  arc  lamps  which  will  reduce  the  effective 
candle-power  during  the  life  of  a  pair  of  electrodes  the  valua- 
tion given  by  Mr.  Ashe  seems  somewhat  low.  Under  ordinary 
-^conditions    of    service,    the    4.0-    or   6.6-ampere    luminous    lamp 
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should  show  a  reduction  in  candle-power  of  less  than  10  per  cent, 
at  the  end  of  a  trim,  due  to  dust  collecting  on  the  inside  of 
a  globe. 

In  Mr.  Ashe's  table  of  arc  lamp  data,  the  specific  consump- 
tion of  the  flame  carbon  lamp  is  somewhat  higher  than  is  being 
obtained  at  present  from  this  type  of  lamp.  For  instance  the 
present  series  vertical  carbon  flame  lamp  operating  at  6.6  amperes 
and  78  volts  should  give  a  specific  consumption  of  approximately 
0.31  watts  per  mean  spherical  candle-power  with  a  life  of  about 
50  hours  instead  of  20. 

Mr.  Ashe  (Communicated  in  reply)  : — Mr.  Hussey  in  his  dis- 
cussion of  the  relative  merits  of  the  tungsten  and  mercury-vapor 
lamps  introduces  the  subject  of  maintenance.  He  infers  that  if 
maintenance  is  considered  the  comparison  of  the  tungsten  lamp 
with  the  mercury-vapor  lamp  will  not  be  in  the  favor  of  the 
tungsten  unit.  But  if  Mr.  Hussey  will  consider  the  high  first 
cost  of  the  mercury-vapor  units,  he  will  realize  that  when  main- 
tenance values  are  included  that  the  comparison  is  still  more 
favorable  to  the  tungsten  unit.  It  is  impossible,  however,  to  give 
actual  cost  comparisons  owing  to  the  rulings  of  this  society,  but 
if  Mr.  Hussey  will  compile  the  costs  and  charges  for  interest 
and  depreciation,  he  will  find  the  facts  as  above  stated. 

Regarding  the  factor  of  the  candle-power  life  performance  of 
the  luminous  arc  lamp,  I  wish  to  state  that  the  depreciation 
values  given  in  the  paper  are  the  results  of  tests  made  in  the 
laboratory  of  the  General  Electric  Company  in  Schenectady,  N.  Y. 

Mr.  G.  H.  Stickney : — Although  I  am  now  more  especially  in- 
terested in  incandescent  lighting,  I  feel  that  I  should  say  some- 
thing at  this  time  in  favor  of  arc  lamps.  I  refer  particularly  to  the 
curve  No.  16,  which  shows  a  very  rapid  depreciation  in  the  light 
from  an  enclosed  arc  lamp  in  the  first  part  of  its  life.  Now  it  is 
quite  possible  that  such  a  curve  might  be  obtained  under  par- 
ticular conditions,  with  one  special  style  of  enclosed  arc  lamp, 
but  I  do  not  think  that  it  can  be  taken  to  represent  the  perfor- 
mances of  the  enclosed  arc  lamp  as  a  class.  In  fact,  I  doubt  if 
any  single  curve  could  represent  all  types  of  enclosed  arcs. 

^  hile  I  have  not  the  data  at  hand,  I  have  very  distinct 
recollection  of  a  series  of  photometric  life  tests  which  I  con- 
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ducted  several  years  ago  on  the  direct-current  multiple  80-volt 
5-ampere  enclosed  arc  lamps,  equipped  with  opalescent  inner 
and  clear  outer  globes.  These  tests  showed  an  increase  over  the 
initial  candle-power  after  the  lamp  had  operated  some  fifteen 
hours.  This  was  followed  by  a  falling  off  in  intensity  toward 
the  end.  This  falling  off  was  nowheres  near  as  marked  as  that 
shown  in  curve  Fig.  16.  I  remember  particularly  the  increase 
referred  to  on  account  of  our  study  to  explain  it.  At  that  time 
it  was  attributed  to  the  fact  that  considerable  light  was  absorbed 
by  the  globe  cap  at  the  beginning  of  the  test,  and  that  as  the 
arc  lamp  burned  further  down  in  the  globe,  there  was  less  ab- 
sorption from  this  cause. 

While  I  have  not  had  an  opportunity  of  reading  the  paper 
carefully,  I  recognize  the  table  of  data  on  arc  lamps  as  I  had 
looked  over  a  similar  one  several  months  ago.  I  believe  it  is 
approximately  correct,  at  least  as  near  as  such  figures  can  be 
obtained  and  relied  upon.  Some  of  this  data  was  taken  from 
tests  made  in  the  laboratory  of  the  General  Electric  Company 
in  Schenectady,  although  the  figures  on  the  miniature  four- 
ampere  lamp,  which  is  the  first  one  given,  were  not  from  that 
source.  Most  of  the  curves  given  in  the  paper  were  evidently 
made  in  the  Schenectady  laboratory,  and  as  Mr.  Rose,  who  has 
charge  of  this  work  under  the  direction  of  Mr.  W.  D'A  Ryan  is 
here,  I  believe  it  would  be  in  order  for  him  to  give  the  requested 
information  as  to  how  the  tests  were  made. 

Now  a  few  words  in  regard  to  the  broad  subject  of  the  paper; 
namely,  the  "Comparison  of  Illuminants."  Mr.  Ashe's  treat- 
ment gives,  of  course,  the  quantitative  or  numerical  comparison. 
Such  a  comparison  is  necessary  and  useful,  and  I  believe  that 
we  are  indebted  to  anyone  who  furnishes  actual  definite  figures. 
I  would  like  to  call  attention,  especially  of  those  who  are  not 
particularly  familiar  with  such  comparisons,  to  the  fact  that  a 
numerical  comparison  does  not  tell  the  whole  story,  and  should 
not  be  relied  upon  entirely  in  a  particular  problem.  As  Mr. 
Ashe  has  pointed  out,  the  measure  of  total  light  flux  does  not 
necessarily  show  even  the  quantitative  value  of  an  illuminant  in 
a  particular  installation,  although  it  does  give  a  measure  of  its 
s  value  as  a  light  producer.     For  the  quantitative  comparison,  in 
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a  particular  case,  I  personally  favor  the  use  of  the  lumen,  so  in- 
dicated as  to  show  not  only  the  quantity  of  light,  but  also  how 
and  where  it  is  distributed.  In  such  a  case,  the  lamp  should  be 
provided  with  the  most  suitable  globe  and  reflector  equipment 
for  the  particular  conditions,  and  should  be  located  at  a  suitable 
height  and  spacing.  As  an  extreme  illustration  one  may  con- 
ceive of  a  search  light  being  pointed  directly  downward.  While 
it  might  provide  a  considerable  flux  of  light  and  make  a  splendid 
showing,  especially  in  mean  hemispherical  candle-power,  it  would 
be  practically  useless  for  ordinary  purposes. 

That  there  are  other  important  factors  of  illumination,  be- 
sides those  of  quantity,  which  should  be  considered  in  making 
the  selection  for  a  particular  installation ;  for  example,  the  dif- 
fusion of  light  and  reduction  of  glare.  These  qualities  are  fre- 
quently obtained  to  advantage  at  a  sacrifice  in  quantity.  A 
pleasing  and  useful  color  quality  of  light  is  also  desirable  and 
may  be  the  determining  factor  in  such  a  selection. 

Mr.  V.  R.  Lansingh  (Communicated)  : — An  erroneous  conclu- 
sion might  be  drawn  from  Mr.  Ashe's  paper  if  a  comparison  were 
made  between  tungsten  lamps  and  gas  lamps.  The  tests  given  on 
tungsten  lamps  were  apparently  made  in  the  laboratory,  where 
the  fluctuation  in  voltage  could  be  eliminated  and  conditions  were 
ideal.  Those  given,  however,  in  the  case  of  the  gas  lamps  were 
made  under  actual  service  conditions.  In  the  case  of  street  light- 
ing, this  covers  not  only  the  actual  deterioration  of  the  mantle, 
effect  of  variation  of  pressure,  etc.,  but  also  the  absorption  of 
the  glass  of  a  lantern,  dust  on  the  same,  etc.,  which  would  very 
materially  alter  conditions.  In  the  case  of  the  tests  quoted  from 
Mr.  Macbeth,  it  should  be  noted  that  the  lamps  were  equipped 
with  reflectors  or  with  globes,  which  would  naturally  affect  the 
results. 

I  wish  to  call  attention  to  the  foregoing  paragraph,  as  other- 
wise there  might  be  a  tendency  to  draw  direct  comparisons  be- 
tween laboratory  tests  and  actual  installation  tests,  which  of 
course  are  not  directly  comparable,  as  the  tungsten  lamp  would 
aho  show  a  deterioration  with  voltage  fluctuations,  loss  due  to 
dirt,  etc.,  in  a  manner  similar  to  that  of  the  gas  lamps  referred  to. 
Mr.  S.  G.  Rhodes: — I  want  to  say  a  word  about  the  life  of  the 
electrode.     I  think  it  should  be  stated  plainly  that  the  life  speci- 
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fied  is  not  the  usual  life,  but  the  life  under  laboratory  conditions, 
almost  a  theoretical  life. 

Mr.  L.  J.  Lewinson : — Mr.  Ashe's  paper  has  been  assailed  by  so 
many  this  evening  that  he  may  welcome  a  comment  upholding  his 
statement  that  a  conservative  value  of  the  average  candle-power 
of  a  tungsten  lamp  during  the  first  1,000  hours  may  be  taken 
as  94  per  cent,  of  the  initial  value.  Lamps  of  smaller  sizes,  the 
25-watt  size  in  particular,  manifest  a  rate  of  candle-power  de- 
terioration considerably  lower  than  the  60-  and  100-watt  lamps, 
so  that  in  25-watt  lamps  the  average  candle-power  throughout 
the  first  thousand  hours  of  burning  may  be  as  high  as  97  or  98 
per  cent,  of  the  initial  candle-power. 

DISCUSSION    BY   THE   NEW   ENGLAND    SECTION. 

Mr.  J.  W.  Cozvles: — The  point  raised  by  Mr.  Ashe's  paper  in  the 
suggestion  that  comparison  of  illuminants  be  made  on  the  basis 
of  average  rather  than  initial  candle-power  performance  jeems 
to  be  so  appropriate  as  to  cause  wonder  why  the  question  has 
not  arisen  before.  The  difficulties  attending  photometric  work, 
particularly  in  field  measurements,  in  obtaining  comparable  re- 
sults, due  largely  to  the  many  variable  factors  which  are  likely 
to  enter  into  the  investigation,  are  readily  appreciated.  Arc  lamps, 
for  instance,  are  endowed  with  an  unusual  number  of  variables  and 
it  is  therefore  not  at  all  easy  to  obtain  results  comparable  with 
other  results  secured  at  another  time  either  on  the  same  or  on  a 
different  set  of  lamps.  Special  efforts,  therefore,  are  necessary 
if  one  wishes  not  to  deceive  himself  or  others  by  such  compari- 
sons. 

In  the  candle-power  tests  which  are  being  continually  made 
on  the  Boston  street  lamps  it  has  been  found  absolutely  necessary 
to  eliminate  to  the  fullest  possible  extent,  the  variable  factors 
which  make  so  difficult  a  correct  interpretation  of  the  results  ob- 
tained. It  is  very  evident  therefore,  that  any  suggestion  which 
will  make  for  greater  reliability  in  comparisons  between  either 
the  same  or  different  illuminants  should  receive  careful  consid- 
eration ;  and,  clearly,  results  must  vary  greatly  according  as  they 
may  be  based  upon  initial  or  average  performance  of  the  il- 
luminants, particularly  in  those  cases  where  there  is  known  to 
"be  a  wide  variation  in  the  natural  performance  of  the  lamp. 
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It  seems  to  me  that  this  suggestion  is  perhaps  better  adapted 
to  technical  than  to  commercial  considerations,  and  I  am  not  quite 
sure  as  to  how  far  it  might  be  practicable  in  such  commercial 
matters  as  street  lighting  contracts,  etc.  It  is  well  known  that  in 
dealing  with  "city  fathers"  it  is  necessary  or  at  least  it  is  desir- 
able to  be  as  explicit  as  possible  and  that  technical  terms  and 
phrases  are  as  a  rule  to  be  avoided  and  in  endorsing  the  sugges- 
tion at  this  moment,  I  have  particularly  in  mind  technical  rather 
than  commercial  dealings.  As  a  matter  of  fact,  one  really  works 
along  the  line  suggested  by  Prof.  Ashe  since  he  never  thinks  of 
going  out  on  to  the  street  and  measuring  an  individual  lamp  of 
any  type  but  expects  rather  to  test  enough  lamps  to  insure  a  fair 
average  in  the  results  obtained,  knowing  that  it  is  unavoidably 
possible  to  pick  out  individual  lamps  either  appreciably  higher 
or  lower  than  the  general  average. 

In  referring  to  the  tabulated  data  on  arc  lamps,  my  interest 
naturally  centers  on  the  figures  shown  for  the  two  types  of  Boston 
lamps,  namely,  the  direct-current  series  vertical  carbon  flame  lamp 
and  the  direct-current  series  luminous  or  magnetite  lamp.  It  is 
gratifying  to  note  that  the  best  efficiency  figures  shown  on  the 
basis  of  either  spherical  or  hemispherical  candle-power  are  for  the 
Boston  flame  lamp,  as  I  do  not  see  any  figures  better  than  0.42 
and  0.25  watts  per  candle  respectively.  I  might  say  that  the 
candle-power  figure  given,  namely  2350,  is  conservative,  and  from 
a  knowledge  of  many  tests  made  in  Boston,  I  have  no  hesitancy 
in  saying  that  the  figures  might  have  been  set  quite  a  little  higher. 
I  note  that  the  magnetite  lamp  results  are  based  upon  11/16  in. 
electrodes  instead  of  9/16  in.  as  used  in  Boston  with  appreciably 
higher  candle-power,  although  this  difference  is  offset  by  the  fact 
that  the  tabulated  data  are  based  on  clear  outer  globes  instead  of 
alabaster  as  in  the  cases  I  have  in  mind. 

Mr.  Ashe: — Mr.  Cowles  has  given  some  interesting  informa- 
tion on  the  operation  of  arc  lamps  in  Boston,  which  differs 
slightly  from  the  data  given  in  the  table ;  and  this  information 
will  therefore,  be  valuable  as  indicating  the  difference  between 
service  and  laboratory  performance  of  arc  lamps. 

Mr.  R.  C.  Ware : — Professor  Ashe  has  brought  out  a  number 
of  interesting  points  in  his  paper,  and  has  given  a  good  deal  of 
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valuable  information.  I  do  not  agree  with  him,  however,  in  a 
number  of  instances. 

In  the  case  of  the  life  and  efficiency  of  mantle  burners,  recent 
improvements  in  manufacture  have  resulted  in  the  production 
on  a  commercial  scale  of  mantles  of  high  grade  at  reasonable 
cost,  which  show,  I  believe,  a  useful  life  of  1,000  hours  or  more, 
with  a  maximum  decrease  in  candle-power  of  about  10  per  cent. 
It  is  probable  that  still  more  satisfactory  results  shall  be  obtained 
in  the  near  future.  Prof.  Ashe  mentions  much  greater  decreases. 
A  good  mantle  to  suffer  any  serious  decrease  in  efficiency  would 
have  to  be  kept  either  under  very  bad  maintenance  conditions, 
or  for  a  life  in  excess  of  that  which  is  good  practice.  The  gas 
industry  does  not  believe  in  keeping  a  mantle  in  service  after  it 
has.  reached  the  familiar  "smashing  point."  It  is  not  unreason- 
able, therefore,  to  expect  to  attain  in  practice  an  average  effi- 
ciency of  90  per  cent,  or  over,  with  properly  equipped  and  main- 
tained lamps. 

Prof.  Ashe  shows  four  curves  of  pilot  lights  and  three  tables 
of  consumption.  The  inclusion  in  the  tables  and  curves  of  the 
performance  of  what  he  has  termed  "the  Welsbach  turn-down 
burner,"  is  erroneous  as  applied  to  the  class  of  pilot  lights.  This 
arrangement  is  a  convenience  purely,  which  is  seldom  used  and 
never  for  any  length  of  time.  It  has  been  entirely  superseded 
by  the  use  of  properly  installed  and  adjusted  pilot  lights.  It 
is  not  an  economical  means  of  keeping  the  burner  lighted. 

Prof.  Ashe  includes  the  curve  of  the  Welsbach  Junior  pilot, 
which  shows'  a  low  consumption  of  about  1/12  of  a  cu.  ft.  per 
hour,  which  is  good  standard  practice.  He  has  not,  however,  in- 
cluded the  figures  in  the  numerical  tables  printed.  The  reflex 
pilot  which  he  quotes  seems  to  have  been  adjusted  at  too  great  a 
rate  of  consumption,  the  claim  as  quoted  being  longer  than  is 
good  practice.  Pilot  lights  are  supposed  to  be  adjusted  by  the 
fitter  who  installs  the  light,  to  suit  the  conditions  of  the  particu- 
lar location  in  which  the  lamp  is  installed.  It  is  not,  therefore, 
in  any  way  correct  to  take  a  lamp  fitted  with  a  pilot  as  sup- 
plied from  stock,  and  test  its  pilot  consumption,  as  it  is  not,  nor 
is  it  intended  to  be,  then  adjusted  for  final  use. 

Prof.  Ashe  has  quoted  from  some  installations  reported  by  Mr. 
lyfacbeth,   and  deducts  from  the  figures   published  an  efficiency 
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of  only  70  per  cent,  for  the  gas  lamp  installation.  This  deduc- 
tion is,  I  should  judge,  not  in  any  way  warranted  by  the  circum- 
stances. Mr.  Macbeth  gave  in  the  paper  referred  to  a  purely 
general  description  of  the  installations  in  question,  which  treated 
only  vaguely  the  actual  layout.  The  color  scheme  is  not  de- 
scribed particularly,  but  from  the  few  words  given,  it  is  apparent 
that  it  was  such  as  to  be  fairly  high  in  light  absorption.  The 
number  and  size  of  windows  in  proportion  to  the  wall  space 
is  not  given.  The  number  of  projections  and  pillars,  if  any,  which 
should  cause  shadows  and  interference  with  general  illumination; 
and  the  number  of  empty  shelves  and  the  color  of  shelv- 
ing, which  together  would  play  an  important  part  in  the  absorp- 
tion of  light,  are  not  given.  The  amount  of  light  lost  through 
open  doors  and  store  window  fronts  is  not  specified.  I  judge 
from  the  figures  that  Prof.  Ashe  has  applied  the  data  given  in 
the  Welsbach  Gas  Salesman's  Hand  Book  to  the  cases  quoted, 
lining  the  coefficient  for  light  walls,  and  that  he  has  assumed 
that  Mr.  Macbeth's  probably  limited  number  of  measurements  of 
illumination  produced,  fairly  represent  the  average  illumination 
throughout  the  rooms. 

In  view  of  the  points  enumerated  above,  it  is  manifestly  not 
safe  to  figure  a  percentage  of  efficiency  from  the  data  given, 
without  making  a  large  allowance  for  the  unknown  sources  of 
error  referred  to.  Furthermore,  I  feel  perfectly  safe  in  assum- 
ing that  the  best  of  tungsten  lamps  which  Prof  Ashe  places  at 
the  head  of  the  list  would,  under  similar  circumstances,  give 
equally  low  results,  if  figured  in  the  same  manner.  Finally,  it  te 
plain  that  the  modern  gas  mantle  lighting  equipment  deserves  a 
place  much  higher  in  the  list  of  efficiencies  than  that  given  by 
Prof.  Ashe,  and  that  under  present  standard  conditions  of  good 
practice,  the  efficiency  for  useful  life  should  be  well  over  90 
per  cent. 

Mr.  J.  S.  Codtnan  : — The  most  interesting  part  in  the  paper  per- 
haps is  the  comparison  of  lamps  on  the  basis  of  average  candle- 
power  performance  throughout  life.  This  manner  of  compari- 
son is,  I  believe,  correct  in  principle,  but  somewhat  difficult  to 
carry  out  in  practice.  In  the  first  place,  it  is  necessary  to  de- 
fine what  is  considered  to  be  the  life  of  each  lamp  compared. 
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For  example,  on  page  517  the  average  candle-power  of  the  tung- 
sten lamp  is  given  as  94  per  cent,  of  the  initial  candle-power  and 
the  life  of  the  lamp  is  given  as  1,000  hours.  In  practice,  how- 
ever, the  lamp  might  burn  longer,  in  consequence  of  which  the 
average  candle-power  would  be  less.  On  the  other  hand  break- 
age might  shorten  the  life,  in  which  case  the  average  candle- 
power  would  be  higher.  On  page  505  it  will  be  observed  that  the 
life  of  the  lamp  in  these  tests  was  from  1,800  to  2,000  hours  and 
the  average  candle-power  and  per  cent,  of  the  initial  was  about  87. 
For  the  mercury-vapor  lamp  the  values  given  on  page  517  are  75 
and  61  per  cent. ;  the  latter  for  the  direct-current  lamp.  The 
test  oh  which  this  last  figure  is  based  is  referred  to  on  page  516 
and  the  life  is  there  given  as  839  hours.  As  the  actual  life  of 
the  mercury-vapor  lamp,  however,  is  considerably  greater  than 
839  hours,  running  up  to  4,000  hours  or  more,  it  would  seem  that 
the  average  candle-power  throughout  life  in  practice  would  be 
less  than  the  value  given.  However,  it  will  be  noted  from  figure 
8,  page  511,  that  the  curve  runs  almost  horizontally,  beginning  at 
800  hours.  Therefore,  the  reduction  in  the  average  figure  would 
not  be  very  great.  It  should  be  borne  in  mind,  however,  that 
this  was  a  test  of  only  one  lamp  and  is  not,  therefore,  very  con- 
clusive.    The  manufacturers  claim  a  much  higher  value. 

The  value  for  gas  mantles  on  page  517  is  70  per  cent,  and  this 
is  based  on  various  tests  referred  to  on  pages  506  and  507.  In  this 
connection  I  do  not  think  the  Chicago  test  referred  to  on  page 
506  nor  the  test  of  Dr.  Bell  referred  to  on  page  507  are  of  much 
value  as  a  number  of  factors  entered  these  tests  which  were  not 
considered  in  the  test  of  tungsten  and  mercury-vapor  lamps. 
These  two  tests  were  on  street  gas  lamps  and  the  maintenance 
of  these  lamps  was  very  poor  and,  further,  they  were  not  cleaned 
before  being  tested.  I  assume  that  the  figures  for  the  tungsten 
and  mercury-vapor  lamps  were  with  clean  bulbs  and  tubes. 

The  tests  of  the  consumption  of  pilot  flames  are  very  interest- 
ing and  show  much  higher  values  than  are  ordinarily  admitted 
by  the  manufacturers.  On  the  basis  of  these  figures  the  con- 
sumption of  the  pilot  flame  is  of  considerable  importance. 
If,  for  example,  it  be  assumed  that  the  reflex  burner  consumes  in 
the  pilot  0.15  cubic  foot  per  hour  and  operates  throughout  the 
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war,  that  is  8,760  hours,  the  total  consumption  will  be  1,314 
cubic  feet.  If  it  be  assumed  that  the  burner  itself  consumes  3.5 
cubic  feet  per  hour  and  operates  for  1,000  hours  per  year,  the 
consumption  of  the  burner  will  be  3,500  cubic  feet.  From  the 
above  statements  it  follows  that  the  pilot  adds  in  this  case  more 
than  one-third  to  the  consumption  of  the  burner. 

At  the  top  of  page  510  Mr.  Ashe  states  that  in  the  case  of 
mercury-vapor  lamps  a  distance  of  20  feet  from  the  lamp  to  the 
photometer  screen  is  sufficient  to  justify  the  assumption  of  a 
point  source.  It  is  my  understanding  that  the  manufacturers 
claim  that  the  above-mentioned  distance  should  be  ten  times  the 
length  of  the  light  giving  portion  of  the  tube.  The  distance  of 
2I.25  feet,  which  is  the  distance  used  by  Mr.  Ashe,  is  somewhat 
smaller  than  this.  Therefore,  as  I  understand  it,  the  candle- 
power  results  are  not  quite  as  high  as  they  would  be  if  a  greater 
distance  had  been  taken. 

I  note  on  page  510  that  the  author  states  that  the  mean  spheri- 
cal candle-power  should  be  determined  in  three  planes,  but  he 
does  not  state  what  these  planes  should  be.  It  would  seem  to 
me  that  if  the  candle-power  is  determined  in  a  vertical  plane  at 
right  angles  to  the  tube  and  then  multiplied  by  the  reduction  fac- 
tor of  78.54,  the  final  results  should  be  practically  correct. 

Mr.  Ashe  (Communicated  in  reply)  : — Mr.  Codman  states  that 
he  sees  no  reason  why  the  mean  horizontal  candle-power  value  of 
a  mercury-vapor  lamp  should  not  be  measured,  the  reduction 
factor  employed  and  the  total  luminous  flux  determined.  This  is 
a  good  suggestion.  In  fact,  the  reduction  factors  were  given 
in  the  paper  so  that  this  method  could  be  used  for  quick  work. 
W  here  the  tube  is  equipped  with  a  reflector,  however,  it  is  de- 
sirable to  obtain  its  distribution  curve,  in  case  one  should  desire 
to  obtain  the  luminous  flux  in  various  zones.  For  this  reason 
some  photometric  method  for  obtaining  these  values  is  necessary, 
which  prompted  the  author  to  mention  photometering  the  tube  in 
three  planes.  As  to  what  these  planes  should  be,  one  should  be 
perpendicular  to  the  tube,  the  other  plane  passed  through  the  tube, 
and  tlu-  third  should  be  45  degrees. 

Mr.  Codman  has  also  called  attention  to  the  fact  that  in  tak- 
ing the  value  of  the  reflex  pilot  flame  consumption  as  given  in 
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the  paper  (assuming  an  inverted  lamp  operating  under  normal 
conditions,  where  the  lamp  itself  would  operate  about  three  hours 
a  day,  and  the  pilot  flame  24  hours  a  day)  the  pilot  gas  con- 
sumption would  be  about  thirty  per  cent,  of  the  total.  It  is 
realized,  therefore,  how  important  is  this  item  of  pilot  flame  con- 
sumption. It  was  this  reason  which  prompted  the  author  to 
make  the  tests  to  determine  actual  values.  It  might  be  men- 
tioned incidentally  that  this  value  of  the  reflex  lamp  checks  fairly 
well  with  tests  of  the  150  pilot  tubes  mentioned  in  the  recent 
paper  of  the  National  Electric  Light  Association  by  Mr.  Gille. 
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COUNCLL  NOTES. 


The  council  met  for  the  first  time  this  season  in  the  general 
office  of  the  society,  29  West  Thirty-ninth  Street,  New  York, 
October  13th.  Those  in  attendance  were  A.  E.  Kennelly,  presi- 
dent ;  Herbert  E.  Ives,  A.  S.  McAllister,  W.  H.  Gartley,  George 
Ross  Green,  L.  B.  Marks,  V.  R.  Lansingh,  treasurer;  E.  P. 
Hyde,  G.  S.  Barrows,  James  T.  Maxwell  and  Preston  S.  Millar, 
general  secretary.  Past-president  C.  H.  Sharp  was  present  upon 
invitation. 

After  the  minutes  of  the  June  meeting  had  been  adopted,  Mr. 
Millar  presented  a  report  of  the  business  that  had  been  trans- 
acted by  the  executive  committee  since  the  June  council  meet- 
ing. The  report  stated  that  the  committee  had  approved  the 
payment  of  vouchers  aggregating  $1,095.01,  elected  to  member- 
ship in  the  society  twenty-one  applicants,  and  approved  the  191 1 
convention  arrangements  as  outlined  by  the  convention  com- 
mittee. 

The  status  of  the  society's  finances  and  its  membership  was 
set  forth  in  a  monthly  report  presented  by  the  assistant  sec- 
retary. The  expenses  for  the  first  nine  months  of  191 1,  accord- 
ing to  the  report,  totaled  $6,315.65.  That  amount  was  made  up 
of  the  following  items:  Transactions  $2,605.10,  general  office 
$2,302.83,  Xew  York  section  $385.03,  Philadelphia  section 
$124.34,  Chicago  section  $234.43,  miscellaneous  $598.61.  An 
estimate  of  the  probable  expenses  under  each  of  the  latter 
accounts  for  the  balance  of  the  year  was  subjoined  to  the  state- 
ment of  expenses.  According  to  this  estimate  a  deficit  of  more 
than  $500  will  be  incurred  for  the  year. 

The  statement  of  the  society's  membership  showed  that  since 
the  first  of  January  133  members  had  been  elected  and  reinstated. 
During  the  same  period  84  names  had  been  dropped  from  the 


572       TRANSACTIONS  OF   ILLUMINATING  ENGINEERING   SOCIETY 

roll  of  the  society  on  account  of  resignation  and  death.  The 
net  gain  in  membership  was  33  members.  The  total  membership 
October  1st  was   1,501  members. 

Resignations  from  twenty-five  members  were  presented. 
Twelve  of  the  resignations  were  accepted;  while  the  names  of 
the  other  thirteen  members  were  dropped  from  the  society's  roll 
for  default  of  191 1  dues.  The  names  of  two  deceased  members, 
Lemuel  R.  Hopton  and  Nathaniel  A.  Dutton,  were  also  dropped. 

Forty  applicants  for  membership  in  the  society  were  elected. 
One  application  for  reinstatement  was  accepted. 

Counting  the  above-mentioned  additions  and  defections  the 
present  membership  of  the  society  totals  1,515  members. 

Mr.  Marks,  chairman  of  the  finance  committee,  presented  a 
report  which  included  the  approval  of  his  committee  of  vouchers 
aggregating  $1,227.22.  The  payment  of  the  vouchers  was 
authorized  by  the  council. 

Mr.  Lansingh,  chairman  of  the  advertising  committee,  reported 
on  the  work  of  his  committee  for  the  past  year.  He  said  that 
the  earnings  from  advertising  had  amounted  to  $869.86. 

The  following  committee  on  reciprocal  relations  with  other 
societies  was  appointed:  Dr.  H.  E.  Ives,  chairman;  Dr.  Louis 
Bell,  Mr.  L.  B.  Marks  and  Mr.  J.  R.  Cravath.  It  was  under- 
stood that  other  members  of  that  committee  would  be  appointed 
later. 

Dr.  Ives,  on  behalf  of  the  members  of  the  Chicago  section, 
proposed  two  amendments  to  the  constitution  of  the  society. 
These  proposals  were  referred  to  the  committee  on  constitution 
revision. 

Certain  proposals  for  constitution  revision  were  submitted  by 
the  committee  on  constitution  revision  and  were  approved. 
These  proposed  amendments,  after  they  have  received  the  en- 
dorsements of  the  requisite  number  of  members,  will  be  sub- 
mitted to  the  vote  of  the  membership  at  the  next  election  of 
officers. 

Mr.  L.  B.  Marks  was  appointed  chairman  of  a  committee  to 
prepare  a  primer  embodying  the  elementary  principles  of  good 
illumination.     The  committee   will  be  known   as  the  committee 
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Ml  illumination  primer.  Dr.  Louis  Bell  and  Mr.  J.  R.  Cravath 
were  appointed  members  of  the  committee. 

The  following  notice  is  printed  here  in  accordance  with  a 
resolution  of  the  council : 

Authors  of  papers  which  have  appeared  in  the  Transactions 
since  February,  191 1,  when  the  giving  of  fifty  reprints  of  papers 
gratis  to  authors  was  discontinued,  may  upon  application  to  the 
general  office  obtain  reprints  of  their  papers  at  the  usual  price. 
Hereafter  authors  of  papers  will  be  informed,  when  the  proofs 
of  the  papers  are  submitted  for  their  approval,  of  the  prices  of 
reprints  while  the  papers  are  in  type.  The  price  for  such  re- 
prints will  be  nominal. 


SECTIOX    MEETINGS. 


CHICAGO    SECTION. 

The  first  meeting  of  the  Chicago  section  this  season  was  held 
in  Savage  Club  room  of  the  Kuntz  Remmler  Restaurant  Com- 
pany, Thursday  evening,  October  19.  Before  the  meeting  there 
was  an  informal  dinner.  Dr.  Herbert  E.  Ives  delivered  an  il- 
lustrated lecture  entitled,  ''Random  Notes  on  Light  and  Life  in 
Europe."  Dr.  Ives'  lecture  referred  particularly  to  the  illumina- 
tion of  many  ancient  and  historic  buildings  and  streets  in  Greece, 
Italy,  Germany,  France  and  England.  He  also  touched  upon 
some  of  the  present  lighting  conditions  in  those  countries.  To 
say  the  least,  the  lecture  was  enthusiastically  received  and  proved 
to  be  very  instructive. 

The  next  meeting  of  the  section  will  be  held  Thursday.  No- 
vember 16.  A  paper  entitled.  "Theatrical  Illumination,"  will  be 
presented  by  Messrs.  F.  A.  Vaughn  and  G.  H.  Cook.  The  meet- 
ing place  has  not  yet  been  decided  upon. 

The  officers  of  the  Chicago  section  for  the  season  of  1911-1912 
are:  chairman.  R.  F.  Schuchardt :  secretary,  A.  L.  Eustace. 
105  North  Wabash  Avenue,  Chicago :  managers,  C.  A.  Luther, 
and  A.  J.  Morgan. 

NEW    YORK    SECTION. 

The  New  York  section  held  its  first  meeting  of  the  present 

In  in  the  I'nited  Engineering  Societies'  Building.   29  West 
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Thirty-ninth  Street,  October  12.  The  meeting  was  devoted  to 
a  discussion  of  several  papers  which  had  been  presented  at  the 
convention  of  the  society  in  September. 

Next  month's  meeting  will  be  held  Thursday  evening,  Novem- 
ber 9,  at  the  usual  meting  place,  United  Engineering  Societies' 
Building.  Mr.  F.  G.  Hancock  of  the  General  Electric  Company 
will  read  a  paper  entitled  "Publicity  Work  Pertaining  to  Il- 
luminating Engineering." 

Mr.  Albert  J.  Marshall,  who  has  for  a  third  time  been  elected 
secretary  of  the  New  York  section,  will  be  pleased  at  any  time  to 
communicate  with  any  member  of  the  society  pertaining  to  the 
affairs  of  the  section.  His  address  is  16  East  Fortieth  Street, 
New  York. 

NEW    ENGLAND    SECTION. 

The  New  England  section  management  is  arranging  for  a  num- 
ber of  excellent  papers  to  be  presented  before  that  section 
throughout  the  season  1911-1912.  The  first  of  these  will  be  pre- 
sented at  the  meeting  to  be  held  Monday  evening,  November  13. 

The  officers  of  the  New  England  section  for  the  ensuing  sea- 
son are:  chairman,  Prof.  H.  E.  Clifford,  Harvard  University, 
Cambridge,  Mass. ;  secretary,  H.  C.  Tones,  10  High  Street,  Bos- 
ton, Mass. ;  managers,  W.   S.   Farrow  and  J.   S.   Codman. 

PHILADELPHIA  SECTION. 

The  Philadelphia  section  began  its  season  of  1911-1912  with 
an  unusually  successful  meeting  October  20.  Prof.  S.  W.  Ashe 
of  the  General  Electric  Company,  Harrison,  N.  J.,  presented  a 
very  interesting  paper  entitled,  "Training  of  Commercial  Men 
in  the  Fundamentals  of  Illumination."  Following  the  discussion 
of  Prof.  Ashe's  paper  a  series  of  stereopticon  views  exhibiting  the 
manufacture  of  a  Welsbach  mantle  from  beginning  to  end  was 
shown.  In  the  way  of  amusement,  there  was  a  demonstration 
of  the  electrically  operated  gramophone  by  the  Columbia  Phono- 
graph Company.  There  were  no  members  and  58  visitors  pres- 
ent. At  the  informal  dinner  which  preceded  the  meeting  about 
50  members   were   present. 

The  next  meeting  of  the  section  will  be  held  November  17. 

The  officers  of  the  Philadelphia  section  for  the  season  191 1- 
1912   are:   chairman,   Joseph   D.   Israel;   secretary,   L.   B.   Eich- 
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engreen,    X.    W.   Cor.    Broad   and    Arch    Streets,    Philadelphia; 
managers,  Prof.  A.  J.  Rowland  and  C.  W.   Wardell. 


OBITLWRY. 


XATHAXIEL   A.   DUTTOX. 


Mr.  Nathaniel  A.  Dutton.  sales  manager  of  Edward  Miller  & 
Company,  manufacturers  of  lighting  fixtures,  died  suddenly  in 
Meriden,  Conn.,  August  17,  191 1.  He  was  about  fifty-five  years 
old  and  had  been  widely  known  in  the  lighting  fixture  and  glass 
industries.  Mr.  Dutton  had  been  affiliated  with  the  Philadelphia 
section  of  the  society  and  had  taken  an  active  interest  in  it- 
affairs. 


LEMUEL  R.    HOPTOX. 

In  the  death  of  Mr.  Lemuel  Robert  Hopton  on  September  5. 
the  Illuminating  Engineering  Society  lost  a  member  who  had  done 
much  toward  advancing  the  science  and  art  of  illuminating  en- 
gineering. Mr.  Hopton  was  a  frequent  contributor  to  the  lit- 
erature on  illuminating  engineering  in  the  technical  press  and 
the  Transactions  of  the  society.  He  was  one  of  the  pioneers 
of  the  society  and  during  the  past  season  was  one  of  the  mana- 
gers of  the  Xew  York  section. 

Mr.  Hopton  was  born  June  20,  1873,  at  West  Stratford,  Conn. 
He  was  graduated  from  the  Scheffield  Scientific  School  of  Yale 
University  with  the  degree  of  Ph.  B.  in  1896.  Two  years  later 
he  received  the  degree  of  M.  E.  from  the  same  institution.  Sub- 
sequently he  became  superintendent  of  the  Enos  Company,  manu- 
facturers of  lighting  fixtures,  in  Xew  York.  In  that  position 
he  devoted  his  attention  ostensibly  to  the  design  of  lighting  fix- 
tures and  accessories  and  the  acquirement  of  a  wide  and  scientific 
knowledge  of  the  problems  of  illumination.  During  his  connec- 
tion with  the  latter  company  he  invented  several  useful  devices 
for  fixtures  and  lighting  apparatus.  To  him  is  due  also  much  of 
the  credit  for  the  development  the  reflector  which  is  known  in 
trade  by  the  name  Opalux.  Soon  after  the  inception  of  the 
society  the  Enos  Company  created  for  him  the  title  illuminating 
engineer   in    recognition  of   his   meritorious   work — which,   inci- 
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dentally,  was  one  of  the  first  acts  of  recognition  of  the  profession 
of  illuminating  engineering  by  a  commercial  organization. 

Mr.  Hopton's  praiseworthy  work,  like  his  congenial  and  sin- 
cere manner,  will  long  be  remembered  by  his  friends  and  as- 
sociates. 


THE  FIFTH  ANNUAL  CONVENTION. 


The  fifth  annual  convention  of  the  society  was  held  in  the 
Florentine  room  of  the  Congress  Hotel,  Chicago,  September  25 
to  28.  There  were  six  sessions  in  all  at  which  fifteen  papers 
and  three  reports,  besides  the  president's  address,  were  presented. 
The  discussion  of  papers  and  reports  was  spirited  and  interest- 
ing". The  entertainment  features  were  pleasing.  Two  hundred 
and  fifty-four  names  were  recorded  on  the  registration  list — 
142  members,  17  ladies  and  95  visitors.  Such  is  a  summarized  ac- 
count of  the  convention. 

In  the  absence  of  President  Kennedy,  Air.  V.  R.  Lansingh, 
senior  vice-president  called  the  convention  to  order  at  eleven 
a.  m.,  September  25.  The  chairman  then  introduced  Mr.  John 
F.  Gilchrist  who  made  a  brief  and  appropriate  address  of  wel- 
come. The  response  to  Mr.  Gilchrist  was  made  by  Mr.  Joseph 
Israel  of  Philadelphia. 

President  Kennedy's  address,  "The  Relations  of  Physico- 
Physiological  Research  to  Illuminating  Engineering"  was  read 
by  Vice-president  Lansingh.  The  address  was  received  with  not 
a  little  enthusiasm.  After  a  brief  discussion  it  was  referred  to 
a  committee  of  three  for   deliberation. 

The  rest  of  the  first  session  was  given  over  to  the  pres- 
entation and  discussion  of  the  reports  of  the  committee  on 
nomenclature  and  standards  (sub-committee  on  photometric 
units)  and  the  committee  on  progress.  Both  reports  with  their 
attending  discussion  appear  in  this  issue  of  the  Transactions. 

The  remaining  five  sessions  were  devoted  to  the  presentation 
and  discussion  of  the  following  program  of  papers: 

"The  Manufacture  of  Glass  for  Illuminating  Purposes."  By 
E.  H.  Bostock. 
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"Symposium  on  Illuminating  Glassware."  By  .Messrs.  G.  H. 
McCormack,  A.  J.  Marshall  and  L.  W.   ¥oung. 

"An  Analysis  of  the  Requirements  of  Modern  Reflector  De- 
sign."    By  F.   L.  Godinez. 

"Natural  Gas,  Its  Production  and  Utilization."  By  George 
S.   Barrows. 

"Recent  Small  Gas  Lighting  Units."     By  F.  H.  Gilpin. 

"Recent  Developments  in  the  Manufacture  of  Incandescent 
Lamps."     By  J.  E.  Randall. 

"The  Analysis  of  Performance  and  Cost  Data  in  Illuminating 
Engineering."     By  Ward  Harrison  and  G.  H.  Magdsick. 

"The  Evaluation  of  Lamp  Life."  By  Preston  S.  Millar  and 
L    J.  Lewinson. 

"The  Photometry  of  Large  Light  Sources."  By  G.  H.  Stick- 
nev  and  S.  L.  E.  Rose. 

"Photometry  at  Low  Intensities."     By  Dr.  Louis  Bell. 

"The  Effectiveness  of  Light  as  Influenced  by  Systems  and 
Surroundings."     By  J.   R.   Cravath. 

"The  Distribution  of  Luminosity  in  Nature."  By  Dr.  H.  E. 
Ives  and  M.  Luckiesh. 

"The  Law  of  Conservation  as  Applied  to  Illumination  Cal- 
culations."    By  Dr.  A.  S.  McAllister. 

"Resume  of  Legislative  Enactments  on  Illumination."  By  E. 
L.  Elliott. 

"Illumination  or  Equipment?"  By  F.   B.  Rae,  Jr. 

Six  of  these  papers  and  their  attending  discussions  appear  in 
this  issue  of  the  Transactions;  the  remaining  papers  will  appear 
in  the  November  number. 

In  the  way  of  diversion  there  was  a  reception  and  dance  in 
Florentine  room  of  the  Congress  Hotel,  Monday  evening,  Sep- 
tember 25.  In  the  same  room  there  was  a  banquet  on  the  even- 
ing of  September  27.  Both  events  were  well  attended  by  mem- 
bers and  their  guests.  For  the  ladies  there  were  two  automobile 
rides,  September  25  and  26,  to  places  of  interest  in  and  about 
Chicago.     Tuesday  afternoon,  September  26,  the  members  were 


5/8       TRANSACTIONS   OE   ILLUMINATING   ENGINEERING   SOCIETY 

taken  in  automobiles  on  several  inspection  trips.  The  places 
visited  were  the  power  station  of  the  Commonwealth  Edison 
Company  at  Fisk  and  Quarry  Streets,  the  Peoples  Gas  Building, 
demonstration  rooms  of  the  National  X-Ray  Reflector  Com- 
pany, the  plant  of  the  Sears,  Roebuck  &  Company,  and  the 
laboratories  of  the  Armour  Institute  of  Technology.  Wednesday 
afternoon  there  was  a  theatre  party  for  the  visiting  ladies. 

The  attendance  and  registration  figures  of  the  convention  are 
especially  interesting.  The  142  members  registered  were  from 
41  cities  throughout  the  country.  The  average  attendance  at 
each  session  was  144  people.  The  latter  figure  includes  an  aver- 
age of  8  visitors.  In  other  words  practically  every  member  who 
registered  was  present  at  all  six  sessions  of  the  convention.  In 
this  respect  at  least  the  191 1  convention  was  unique. 

It  will  appear  trite  to  have  the  fifth  annual  convention  re- 
corded as  "the  most  successful  ever  held"  by  the  society- — cer- 
tainly that  expression  has  been  written  down  elsewhere  more 
than  once — yet  for  want  of  more  accurate  comment  it  has  been 
put  down  again.  As  conventions  go  the  fifth  annual  convention 
of  the  Illuminating  Engineering  Society  was  unusually  success- 
ful. 


ERRATUM. 


In  the  June  number  of  the  Transactions,  page  555,  46.20, 
the  last  figure  in  the  last  column,  should  be  64.20. 
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THE  RELATIONS  OF  PHYSICO-PHVSIOLOGICAL  RE- 
SEARCH TO  ILLUMINATING  ENGINEERING.3 


BY   A.    E.    KENNELLY, 


I  greatly  regret  that  owing  to  engagements  of  long  standing, 
in  connection  with  the  International  Electrical  Congress  in  Turin, 
I  shall  have  to  be  distant  from  Chicago  about  one  hundred  de- 
grees of  longitude  on  the  day  of  the  convention  of  the  Illuminat- 
ing Engineering  Society,  a  convention  I  should  otherwise  have 
taken  much  pleasure  in  attending. 

In  my  first  inaugural  address,  on  "The  Profession  of  Illuminat- 
ing Engineering,"  printed  in  the  February  number  of  the  TRANS- 
ACTIONS, I  endeavored  to  show  how  numerous  and  varied  were 
the  fields  for  activity  and  research  within  the  immediate  purview 
of  this  society.  In  this  second  inaugural  address,  I  desire  to 
submit  for  consideration  the  importance  of  activity  and  research 
in  a  single  field,  out  of  the  many  that  the  society  has  in  its 
keeping.  It  is  not  that  this  particular  field,  to  be  considered, 
is  necessarily  more  important,  or  more  urgently  to  be  explored 
than  any  or  all  of  the  rest ;  but  merely  that  it  is  illustrative. 
Probably  at  least  as  good  a  claim  for  consideration  might  be 
made  on  behalf  of  any  of  the  others  in  turn.  The  intention 
here  is  to  indicate  the  closeness  of  the  connection  between  appre- 
hension and  accomplishment  in  a  single  direction  of  the  science 
and  art  of  Illuminating  Engineering — the  measurement  of  light. 

Every  department  of  natural  science  takes  its  origin  in  a  col- 
lection of  scattered  collated  observations.  At  first,  these  may 
seem  disconnected,  and  at  variance.  In  the  earlier  stages  of  any 
science,  there  is  a  constant  increase  in  the  number  and  com- 
plexity of  the  observations,  with  little  or  no  gain  in  their  per- 
spective, or  in  the  apprehension  of  their  mutual  relations.  After 
the  science  has  reached  a  certain  stage  of  development,  depend- 
ing upon  its  extensiveness,  the  relations  of  the  various  observa- 
tions to  each  other  become  apparent,  as  parts  of  definite  phenom- 
ena.    The  observations  still  increase  in  number  and  complexity; 

1  Presidential  address,  fifth  annual  convention  Illuminatirg  Engineering  Societv, 
Chicago,  .Sept.  25-28,  1911. 
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but  they  arrange  themselves  into  coordinate  groups,  so  that  the 
process  of  observation-accumulation  comes  to  mean,  by  condensa- 
tion, a  process  of  fact-accumulation.  After  the  science  has 
reached  the  next  more  advanced  stage  of  development,  it  is  found 
that  the  various  phenomena  are  related  in  a  definite  and  apparent- 
ly unvarying  manner;  either  in  relation  to  each  other,  or  to 
phenomena  in  other  sciences.  This  is  the  stage  of  discovery  of 
qualities  of  law,  or  causal  relation.  At  this  stage,  a  great 
change  appears  in  the  psychological  aspect  of  the  science.  Where- 
as the  observations  and  their  phenomenon-groups  had  previously 
been  scattered  incoordinately,  over  the  whole  field  of  thought, 
nucleation  now  commences  everywhere,  and  the  field  begins  to 
change  from  an  amorphous  to  a  structural  aspect.  At  a  still 
later  stage  of  development  of  the  science,  it  is  found  that  these 
laws  are  prescribed  by  definite  quantitative  relations.  This  is 
the  stage  of  the  introduction  of  arithmetic,  or  exactness,  to  the 
science.  The  highest  development  of  a  science  known  to  us  is 
that  in  which  all  the  laws  are  recognized  and  are  exceedingly 
simple,  so  that  they  may  be  reduced  to  the  operations  of  simple 
arithmetic.  Every  observation  becomes  associated  with  its  prop- 
er phenomenon.  Every  phenomenon  becomes  connected  with  its 
proper  law.  Every  law  becomes  amenable  to  simple  arithmetic. 
In  this  aspect,  all  proper  development  in  the  natural  sciences  is 
from  the  inchoate  to  the  structural,  from  the  complex  and  mani- 
fold to  the  simple  and  unique,  from  the  difficult  to  the  easy. 
When  we  acknowledge  that  a  science  is  very  difficult  to  under- 
stand, we  admit  that  it  is  undeveloped.  When  we  say  that  the 
higher  mathematics  are  needed  in  order  to  grasp  it,  we  are 
saying,  in  effect,  that  its  relations  aie  not  yet  fully  perceived. 
All  nature,  as  we  gradually  come  to  realize  it,  is  one,  and  is 
simple.  This  is  no  disparagement  to  higher  mathematics,  or  to 
recondite  studies,  but  rather  an  implied  encomium,  because  a 
science  has  to  be  difficult  before  it  can  become  easy. 

All  the  natural  sciences  aim,  then,  at  becoming  exact  sciences, 
and  become  exact  through  the  making,  correlation,  and  reduction 
of  measurements.  Any  branch  of  natural  science  without 
measurements  is  not  above  the  qualitative  stage.  The  number 
and  degree  of  precision  of  the  measurements  in  a  branch  of 
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science  is  a  gage  of  the  extent  to   which   that  branch  has  be- 
come exact. 

The  measurements  connected  with  the  quantitative  sciences,  on 
which  illuminating  engineering  depends,  are  mainly  photometric 
measurements.  These  are,  in  turn,  limited,  with  few  exceptions, 
to  the  measurement  of  illumination.  Either  two  illuminations, 
or  two  illumination-contrasts,  are  presented,  side  by  side,  to  the 
observer's  eye,  with  means  of  adjusting  their  relative  intensity. 
This  is  another  way  of  saying  that  adjacent  definite  areas  of  the 
retina  in  the  observer's  eye  are  brought  into  comparative  stimulus 
by  the  illuminations  examined,  and  the  observer  exerts  his  judg- 
ment to  decide  when  the  two  sets  of  stimulus-impressions  have 
equal  intensity. 

Not  only  is  the  precision  with  which  such  a  judgment  can  be 
made  relatively  small,  but  the  precision  with  which  our  standard 
illumination  can  be  independently  re-duplicated  is  also  relatively 
small.  Our  flame  standards  are  so  inferior,  in  this  respect,  that 
they  have  virtually  been  abandoned  in  the  maintenance  of  the 
international  candle,  in  favor  of  a  group  of  incandescent  lamps. 
If  these  lamps  should  all  be  destroyed  simultaneously,  the  stand- 
ard could  not  be  reproduced  to  a  degree  of  precision  nearly 
as  great  as  that  with  which  it  can  be  copied  photometrically. 

It  is  well  understood  that  ordinary  light  is,  subjectively,  the 
sensation  produced  by  radiant  power,  which,  in  its  turn,  is  the 
power  of  alternating  electric  waves  in  space  within  a  certain 
range  of  frequencies,  representing  about  one  octave,  and  lying 
between  the  approximate  limits  of  400  and  800  millions  of  mil- 
lions per  second.  When  such  alternating-current  power,  or  rate 
of  transfer  of  energy,  exists  at  a  given  position  in  space,  an 
observer  placing  his  eye  so  as  to  intercept  it  will  receive  the 
impression  of  light,  provided  that  the  power-density,  in  watts  per 
normal  square-centimeter,  is  not  less  than  a  certain  small  thresh- 
hold  value,  at  which  the  stimulus  begins  to  be  perceived,  on  the 
one  hand :  nor  more  than  a  certain  much  larger  value,  at  which 
on  the  other  hand,  the  stimulus  is  excessive  and  dangerously 
great.  The  values  of  these  power-density  limits  are,  as  yet, 
only  very  imperfectly  known,  for  even  a  single  frequency. 

It  is  also  known  that  the  sensation  of  light,  or  the  candle- 
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lumens  per  unit  of  radiant  power-density  is  very  different  for 
different  frequencies  of  electric  alternation.  If,  to  avoid  peri- 
phrasis, we  call  the  unit  of  radiant  power-density  (one  watt  uni- 
formly and  perpendicularly  passing  through  one  square  centi- 
meter) one  area- watt,  then  one  area- watt  received  by  the  eye  will 
give  rise  to  the  sensation  of  more  light  in  the  yellow-green 
frequency  than  at  either  end  of  the  spectrum.  The  lumens  per 
area-watt  are  known  to  be  greatest  at  or  near  the  frequency 
which  is  most  prominent  in  daylight.  But  when  the  radiant 
power-density  is  feeble,  and  the  candle-power  perceived  is  low, 
the  lumens  per  area-watt  are  known  to  be  greatest  at  a  somewhat 
different  frequency;  so  that  the  relative  sensibility  of  the  eye  to 
stimulus,  at  different  frequencies,  varies  with  the  intensity  of 
the  stimulus.  In  all  of  these  particulars,  a  good  start  has  been 
made  towards  quantitative  knowledge,  and  the  literature  of  the 
subject  is  already  large;  but  far  more  remains  to  be  investigated 
before  our  knowledge  can  be  regarded  as  satisfactory  along  any 
of  these  lines.  We  ought  to  know  the  lumens  per  area- watt 
produced  in  the  normal  eye  for  each  color,  and  its  frequency, 
as  well  as  for  all  working  intensities.  Beyond  this,  there  re- 
mains to  be  found  how  far  the  norm  is  departed  from  in  the  eyes 
of  different  ages  and  races  of  men,  as  well  as  the  effects  cf  at- 
tention, of  training,  and  of  physiological  fatigue.  We  can  never 
know  the  lumens  per  area-watt  at  any  frequency,  or  intensity 
of  radiant  power-density,  for  the  normal  eyes  of  races  that  have 
passed.  It  is  beyond  our  hope  to  know  how  the  sensibility  to 
radiant  power-stimulus  of  the  average  normal  eye  may  have 
changed  from  the  days  of  Rameses  I  down  to  the  present ;  but  at 
least,  it  lies  open  to  hope  to  make  records  that  will  permit  of 
such  comparisons  being  made  from  the  present  into  the  future. 
Specifically,  it  has  been  proposed  by  Dr.  Steinmetz1  to  produce 
white  light  of  measured  power-density  by  the  artificial  com- 
bination of  three,  and  only  three,  measured  colors  of  light,  and 
so  to  arrive  at  a  more  preciae  knowledge  of  the  lumens  per  area- 
watt  of  definite  radiation  power-density.  Dr.  Ives2  has  also  pro- 
posed that  the  measurement  of  lumens  per  area-watt  should  be 

1  Trans.  A.  I.  E.  E.,  July,  1908. 

2  Trans.  I.  E.  S.,  "Energy  Standards  of  luminous  Intensity,"  vol.  6,  p.  25S. 
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made  with  light  of  the  particular  frequency  to  which  the  eye  is 
most  sensitive  in  fairly  powerful  illumination.  We  certainly 
need  the  sensation-value  of  radiant  power-density  for  white 
light  and  for  the  most  stimulating  color  of  light ;  but  it  would 
seem  that  the  first  measurements  are  more  likely  to  be  made  with 
satisfactory  precision  at  single  definite  frequencies,  or  colors, 
than  at  any  particular  combination  of  them,  such  as  white  light 
requires. 

Assuming  that  we  possessed  a  proper  knowledge  of  the  lumens 
per  area-watt,  for  all  the  different  colors  and  frequencies  of  light, 
at  all  working  intensities,  it  would  become  possible  to  make  a 
spectro-photometrical  examination  of  the  light  from  any  lamp, 
say  a  Welsbach  mantle  burner,  then  average  the  lumens  per 
area-watt  over  the  whole  of  its  spectrum,  to  measure  the  total 
radiant  power  of  the  burner  in  watts,  and  then  express  the  radia- 
tion-density watts  per  lumen  in  a  significant  manner.  At  the 
present  time,  the  expression  "watts  per  candle"  refers,  in  the 
case  of  a  gas  lamp,  to  the  total  fuel-consumption  power  per 
candle,  and  in  the  case  of  an  electric  lamp,  to  the  total  power- 
consumption  per  candle  at  lamp  terminals,  quantities  which  are  in 
themselves  important,  but  which  are  of  very  different  significa- 
tion from  those  under  consideration. 

Moreover,  assuming  that  we  had  a  satisfactory  knowledge  of 
the  sensation-effect  of  radiant  power-density,  it  would  be  valuable 
to  know  the  sensation-effect  of  radiant  energy-density.  That  is, 
if  a  certain  quantity  of  electro-magnetic  energy,  uniformly  and 
perpendicularly  flowing  through  each  square  centimeter  of  area, 
were  intercepted  by  the  pupil  of  an  observer's  eye,  what  would 
be  the  sensation  effect?  This  could  be  found  by  permitting 
radiant  power  of  known  quality  and  density  to  fall  on  the  eye 
for  a  measured  brief  interval  of  time,  as  by  means  of  a  falling 
camera-shutter. 

All  research  connected  with  photometry  borders,  on  the  work 
of  ocular  physiology,  and  of  psychology.  Consequently,  all 
such  research,  in  order  to  be  most  effective,  should  be  undertaken 
with  adequate  information  concerning  what  has  already  been 
accomplished  in  those  sciences  along  similar  lines. 

Since  it  has  probably  taken  millions  of  years  to  develop  the 
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human  eye  from  the  first  patch  of  somewhat  radiantly-sensitive 
skin  of  a  remote  and  primitive  progenitor,  it  is  not  wonderful 
that  the  study  of  the  eye  should  be  so  difficult.  On  the  contrary, 
is  it  not  wonderful,  rather,  that  from  a  broad  optical  standpoint, 
the  physical  mechanism  of  the  eye  should  be  so  easy  to  compre- 
hend? 

It  might  at  first  thought  be  supposed  that  the  knowledge,  in  a 
few  laboratories,  of  certain  physico-physiological  constants  for 
the  human  eye  was  of  no  importance  to  the  broad  industry  of  il- 
lumination, to  its  manufacture,  engineering,  distribution,  or  sale. 
Nevertheless,  it  may  well  be  contended  that,  on  the  contrary, 
all  such  knowledge  is  of  great  importance  to  the  industry  in  many 
ways.  In  the  first  place,  disputes  tend  to  vanish  when  the  mat- 
ters in  dispute  are  properly  known  to  a  specially  trained  few, 
even  though  the  facts  may  be  out  of  the  line  of  vision  of  the 
many.  Secondly,  all  such  knowledge  rapidly  begets  applica- 
tions, improvements,  economies,  in  a  manner  of  which  modern 
experience  affords  many  examples.  If  only  for  the  utilitarian 
advantage  of  such  research,  this  address  is  offered  as  a  plea  for 
the  accumulation  of  observations  on  the  photometric  properties 
of  our  eyes,  by  all  who  may  have  the  opportunity  to  make  them. 

DISCUSSION. 

Mr.  J.  R.  Cravath: — Your  committee  on  the  president's  ad- 
dress begs  to  submit  the  following  report : 

The  address  of  Dr.  Kennelly  is  a  scholarly  review  of  the  pro- 
blems and  ideals  of  one  line  of  scientific  research  upon  which 
illuminating  engineering  is  based.  The  fundamental  measure- 
ments of  illumination  are  made  through  the  medium  of  the  eye. 
They  are,  therefore,  not  purely  physical,  they  are  in  part  physi- 
ological. With  the  complete  elucidation  of  the  complicated  re- 
lations between  the  physical  and  physiological  factors,  the  de- 
termination of  illuminations  of  all  qualities  and  intensities  will 
be  a  matter  of  arithmetical  calculation  from  comparatively  simple 
physical  measurements.  Photometric  standards  will  be  placed 
upon  a  basis  logical  instead  of  arbitrary ;  the  expression  of  effi- 
ciency will  be  upon  a  rational  scale.     It  is  this  ideal  toward  which 
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the  worker  in  physico-physiological  research  is  striving.  His 
work  may  appear  to  the  casual  onlooker  or  to  the  purely  practical 
man  as  far  removed  from  immediate  or  even  future  utility,  but 
experience  has  shown  that  the  scientific  measurements  of  one 
age  becomes  the  practical  measurements  of  the  next,  that  the 
refinements  of  the  scientist  of  to-day  become  the  working  units 
of  the  engineer  of  tomorrow.  So  the  continually  accumulating 
results  of  physico-physiological  research  may  be  expected  to 
assist  and  become  essential  to  the  science  and  art  of  illumina- 
tion. 

In  this  review  Dr.  Kennelly  has  given  what  should  be  an  in- 
spiration to  the  worker  in  such  research.  He  has  done  a  ser- 
vice both  to  the  scientist  and  to  the  practical  man  by  emphasiz- 
ing the  bearing  of  the  work  of  one  upon  the  work  of  the  other. 

Your  committee  cordially  recommends  this  paper  to  the  con- 
sideration of  all  members  of  the  society,  and  unanimously  re- 
commend its  printing  in  the  Transactions. 

J.   R.   Cravath. 
W.  H.  Gartley. 
Herbert  E.  Ives. 
Committee. 

.Dr.  E.  P.  Hyde : — There  is  one  point  in  Dr.  Kennelly's  address 
in  which  many  of  us  are  interested  and  on  which  I  have  heard 
some  discussion  since  coming  to  the  convention,  and  it  would 
seem  to  me  that  it  might  not  be  unwise  to  add  a  word  or  two 
regarding  that  one  point.  Dr.  Kennelly's  paper  is  a  plea  for 
the  accumulation  of  observations,  taking  as  the  illustration 
physico-physiological  measurements.  We  are  in  a  somewhat 
unique  position.  About  two  years  ago  Mr.  Millar,  myself  and 
possibly  others,  so  far  as  I  know,  suggested  the  appointment  of 
a  research  committee.  That  committee  was  not  appointed  by 
President  Gartley,  he  very  kindly  leaving  it  to  the  following  ad- 
ministration. It  is  only  because  I  am  so  ashamed  that  I  failed 
to  appoint  the  committee  myself  that  I  feel  I  can  make  Dr. 
Kennelly  a  little  bit  ashamed  by  saying  to  him  that  he  has  a 
very  ready  means  of  putting  into  effect  his  own  plea  by  appoint- 
ing that  committee  which  is  still  unappointed.     It  seems  to  me 
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that  Dr.  Kennelly  touches  a  vital  point,  and  it  is  a  consideration 
which  has  been   prevalent  in  the  discussions   this   morning  on 
Mr.  Harrison's  paper;  it  goes  back  to  the  fundamentals  in  the 
conception    of    the    proper    functions    of    the    Illuminating    En- 
gineering  Society.     It  seems   to   me  that  the  primary    function 
of  the  Illuminating  Engineering  Society  is   that  of  accumulat- 
ing and  presenting  accurate  information  not  only  on  economy 
but   on   all   the   other   elements   which   enter   in   determining   il- 
luminating installations ;  and  it  seems  to  me  that  this  goal  can 
be  attained  very  much  more  readily  if  we  had  some  committee, 
such  as  was  contemplated  in  this  research  committee,  that  could 
undertake   to   receive   suggestions    from   members    or    to   make 
suggestions  themselves  as  to  necessary  and  important  research 
along   various    lines    of    illuminating    engineering.       These    re- 
searches  would   not   be   physical     only,     nor    physiological    nor 
psychological ;  they  would  cover  all  phases  of  illuminating  en- 
gineering.      If   the    society    thought    it    desirable    to    undertake 
such  an   investigation,  that  committee  should  be  so  constituted 
that  it  could  supervise  an  investigation  such  as  was  asked  for 
in  Mr.  Harrison's  paper.     The  research  committee  should  be  a 
clearing   house   for   the   accumulation    of    accurate   information. 
If  there  was  any  branch  of  the  science  of  illuminating  engineer- 
ing that  needed  further  information,  if  there  were  any  apparent 
scientific    discrepancies    or   practical    discrepancies    that    needed 
elucidation,   that  committee   should  see,  not  necessarily   under- 
take the  work  itself,  but   should  see  that   research   work  was 
undertaken    in    order   to    settle   those   various    points.     Now,    it 
seems  to  me  that  this  is  something  of  very  practical  value  and  of 
very  great  interest,  and  I  thought  it  might  be  worth  while  to 
pause  a  moment  to  emphasize  the   importance  of   it.     I   am  a 
little  sanguine  that  this  committee  may  some  day  be  appointed, 
and   I   believe  that   if   Dr.    Kennelly   reads   that  this   society  so 
heartily    approves    his    plea    for    further    investigation    and    ac- 
cumulation of  data  as  to  urge  him  to  put  into  practise  his  own 
plea,  he  will  probably  appoint  the  committee  promptly. 
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REPORT  OF  COMMITTEE  ON  NOMENCLATURE  AND 

STANDARDS— REPORT  OF  SUB-COMMITTEE 

ON  PHOTOMETRIC  UNITS.1 


To  the  Illuminating  Engineering  Society: 

Your  committee  on  nomenclature  and  standards  begs  leave  to 
submit  the  accompanying  report  of  the  sub-committee  on  photo- 
metric units  as  a  report  of  progress. 

Respectfully  submitted 

Alex.  C.  Humphreys, 

Chairman 

report  of  sub-committee  on  photometric  units. 

As  instructed  by  the  1910  convention,  the  sub-committee  on 
photometric  units  endeavored  to  get  in  touch  with  foreign  au- 
thorities on  the  question  of  photometric  units,  with  a  view  to 
paving  the  way  for  future  agreement  on  these  questions,  taking 
the  progress  report  of  1910  as  a  basis.  With  that  in  view  the 
chairman  of  the  sub-committee  has  communicated  with  the  fol- 
lowing gentlemen  in  foreign  countries : 

Mr.  C.  C.  Paterson,  of  the  National  Physical  Laboratory, 
London. 

Mr.  A.  P.  Trotter  of  the  Board  of  Trade  Standardizing  Lab- 
oratory,  London. 

Prof.  Sylvanus  P.  Thompson,  President  of  the  British  Il- 
luminating Society,  London. 

M.  F.  Laporte,  Laboratorie  Central  d'Electricite,  Paris. 

Prof.  Eric  Gerard,  Director  of  the  Montefiore  Institute,  Liege. 

Mr.  Ormond  Higman,  Chief  Electrical  Engineer,  Electrical 
Standards  Laboratory,  Ottawa. 

Replies  have  been  received  from  Messrs.  Gerard,  Trotter, 
Higman  and  Paterson.  Mr.  Trotter  objects  to  the  designation  of 
the  intensity  unit  as  "candle"  rather  than  "candle-power,"  but 
otherwise  approves  of  the  report.  Mr.  Higman  expresses  his 
sympathy  with  the  work  of  the  committee,  but  doubts  the  de- 
sirability of  using  the  letters  I,  E,  R,  C  and  L  for  photometric 
units  inasmuch  as  they  are  used  to  express  other  physical  quan- 

1 A   report  read  at  the  fifth  annual   convention   of  the   Illuminating  Engineering 
Society,  Chicago,  September  25,  26,  27  and  28,  1911. 
2 
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tities.  Mr.  Paterson  has  submitted  a  number  of  very  valuable 
suggestions  which  are  at  the  present  time  before  the  committee 
for  its  consideration.  In  addition,  M.  Blondel,  a  member  of  the 
sub-committee,  has  undertaken  actively  to  interest  scientific  bodies 
in  France  in  the  approval  of  last  year's  report  and  has  taken  up 
the  matter  with  the  French  Physical  Society  and  with  the  So- 
ciety of  Electricians.  The  sub-committee  is  greatly  indebted  to 
M.  Blondel  for  the  work  which  he  has  done,  and  is  doing,  in 
this   direction. 

It  will  be  seen  that  the  progress  during  the  year  has  been  slow, 
yet  some  foundation  has  been  laid  for  future  activity,  and  no 
rapid  progress  is  to  be  expected  in  negotiations  of  this  character. 
The  report  of  the  committee  has  frequently  been  referred  to  in 
the  foreign  technical  press  and  has  thereby  attained  considerable 
publicity  abroad. 

The  committee  would  make  the   following  recommendations : 

That  the  term  "lighting"  be  used  to  designate  the  product  of 
luminous  flux  by  the  time,  the  symbol  therefore  being  "L."  The 
"L,"  then  would  displace  the  "Q"  used  as  a  symbol  for  this 
quantity  in  the  19 10  report.  The  committee  would  further  rec- 
ommend the  adoption  of  the  following  svmbols : 

Mean  spherical  candle-power,  I-0. 

Mean  upper  hemispherical  candle-power,  I-0-  , 

Mean  lower  hemispherical  candle-power,  I-o-  . 

Total  flux,  F-9-  . 

Upper  hemispherical  flux,  F-0-  . 

Lower  hemispherical  flux,  Ftr  . 

These  symbols  have  been  proposed  by  M.  Blondel  and  differ 
but  slightly  from  those  used  in  Germany,  the  bar  being  carried 
a  little  beyond  the  circle  on  each  side.  The  idea  is  that  the  sym- 
bols will  be  less  liable  to  confusion  if  this  form  is  adopted. 

The  committee  would  further  recommend  that  negotiations 
with  individuals  and  societies  in  other  lands  be  carried  on  with  a 
view  to  the  possibility  that  eventually  this  society  will  arrange 
for  an  international  conference  to  bring  about  an  agreement  on 
these  subjects. 

Respectfully  submitted  for  the  sub-committee, 

Clayton   H.   Sharp, 

Chairman. 
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DISCUSSION. 

Dr.  A.  S.  McAllister: — The  difficulties  encountered  by  the 
committee  in  selecting  symbols  for  the  photometric  quantities 
that  will  be  acceptable  to  all  persons  the  world  over  can  readily 
be  appreciated  by  any  person  who  has  attempted  to  find  symbols 
satisfactory  even  to  himself  alone.  The  task  is  certainly  no  small 
one,  and  the  committee  is  to  be  encouraged  in  its  efforts ;  its 
suggestions  should  be  adopted  to  the  fullest  extent  possible  in  so 
far  as  the  symbols  do  not  conflict  with  present  established  usages 
in  related  sciences.  That  the  suggestions  of  the  Illuminating 
Hngineering  Society's  committee  have  weight  with  other  societies 
is  evidenced  by  the  fact  that  the  symbols  proposed  by  the  com- 
mittee last  year  have  been  incorporated  as  recommendations 
in  the  standardization  rules  of  the  American  Institute  of  Electri- 
cal Engineers  published  in  the  August,  191 1,  Proceedings. 

Asa  result  of  the  Illuminating  Engineering  Society  committee's 
ignoring  long  established  usage  of  a  few  of  the  twenty-six  letters 
of  the  alphabet  as  symbols  for  electrical  quantities,  the  American 
Institute  of  Electrical  Engineers  rules  now  contain  the  absurd 
recommendations  of  two  distinct  quantities  for  each  of  the  fre- 
quently used  letters  E,  I  and  R,  long  recognized  as  the  symbols 
for  expressing  Ohm's  law.  Thus  the  electrical  engineering  writer 
who  would  attempt  to  follow  the  recommendations  fully  in  formu- 
lating the  inter-relations  between  the  electrical  and  lighting  char- 
acteristics of  a  lamp  would  find  some  of  the  above  three  letters 
appearing  twice  in  a  single  equation  with  two  distinct  physical 
meanings.  This  deplorable  result  could  easily  have  been  avoided 
by  selecting  some  of  the  twenty-three  remaining  letters  of  our 
alphabet  or  introducing  some  of  the  letters  of  the  Greek  alpha- 
bet, as  has  been  done,  for  example,  with  the  letter  <f>  (phi^  uni- 
versally recognized  as  the  symbol  for  magnetic  flux. 

The  chairman  of  the  sub-committee.  Dr.  Sharp,  has  shown  in 
a  remarkably  clear  manner  the  similarity  between  light  flux  and 
magnetic  or  electrostatic  flux.  It  would  seem  not  to  be  undesirable, 
therefore,  to  recognize  this  similarity  in  selecting  the  symbols 
for  light  flux.  The  present  writer  is  bold  enough  to  state  that 
no  more  appropriate  symbol  can  be  selected  for  light  flux  than 
the  Greek  \p  (psi).     This  letter  resembles  the  symbol  for  mag- 
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netic  flux  </>  (phi)  both  in  appearance  and  pronunciation;  more- 
over, it  is  highly  suggestive  of  a  three-candle  lighting  fixture, 
which  fact  should  meet  with  the  favor  of  those  who  wish  the 
symbols  to  picture  the  quantity  represented.  As  the  symbol  for 
light  flux  density — the  foot-candle,  the  meter-candle,  the  lumen 
or  candle  per  unit  area — the  Greek  letter  /?  (beta;  small  letter) 
seems  highly  appropriate  by  reason  of  its  similarity  to  the  symbol 
for  magnetic  flux  density,   <jft  or  B. 

The  use  of  the  pictorial  symbol  is  to  be  recommended,  but  sight 
should  not  be  lost  of  the  fact  that  when  such  a  symbol  involves 
the  manufacture  of  new  type  or  reconstruction  of  old  type,  op- 
position to  the  innovation  is  sure  to  arise  in  quarters  having  much 
influence,  so  that  the  special-type  symbol  will  certainly  not  be 
widely  adopted  and  will  probably  not  long  be  used  for  the  pur- 
pose intended.  The  writer  can  only  express  his  regrets  that 
the  type  available  in  modern  printing  establishments  does  not  in- 
clude the  spherical  and  hemispherical  signs  recommended  by  the 
committee. 
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REPORT  OF  THE  COMMITTEE  ON  PROGRESS.1 


To  the  Illuminating  Engineering  Society: 

The  past  year  has  not  been  marked  by  any  radical  innovations 
either  in  material  or  methods.  There  has  been  considerable 
progress  in  many  minor  details  of  the  art  which  your  committee 
will  here  attempt  to  notice  in  brief.  The  scientific  aspects  of 
illumination  have  not  been  neglected  and  the  past  year  has  seen 
both  here  and  abroad  researches  which  give  promise  of  an  ex- 
tension of  our  knowledge  in  many  directions  and  of  no  small 
practical  usefulness. 

MATERIALS  OF  ILLUMINATION. 

Arc  Lamps: — The  chief  changes  of  the  year  in  arc  lamp  prac- 
tise have  been  in  the  direction  of  the  luminous  and  flaming 
types  of  arc.  The  magnetite  arc,  the  chief  example  of  the 
former  class,  has  come  into  use  in  largely  increased  numbers 
during  the  past  year.  The  electrodes  for  these  lamps  have  been, 
through  increasing  experience,  produced  of  more  uniform  and  on 
the  whole  better  quality  than  previously.  The  magnetite  arcs 
have  in  the  main  replaced  the  enclosed  carbon  arcs,  chiefly  the 
alternating  current  arcs  of  former  practise,  with  a  very  material 
improvement  in  the  resulting  illumination  and,  where  contract? 
have  been  renewed,  with  a  general  small  reduction  of  price.  It 
is  greatly  to  be  regretted,  however,  that  a  petty  and  pitiful  econ- 
omy has  too  often  permitted  the  use  of  the  smallest  available 
sizes  of  magnetite  lamps  equipped  with  electrodes  in  which  effi- 
ciency has  been  somewhat  subordinated  to  extraordinarily  long 
life.  This  is  "a  penny  wise  pound  foolish"  economy  which  will 
sooner  or  later  be  regretted  both  by  the  central  station  men  and 
the  public. 

The  other  variety  of  luminous  arc.  that  known  as  the  titanium 
carbide  arc,  for  alternating-current,  has  to  the  great  regret  of 
illuminating  engineers  practically  dropped  out  of  sight,  owing 
to  inherent  difficulties  in  construction  and  operation  for  which 
no  wholly  satisfactory  remedy  has  yet  been  devised.  The  case 
must  not  be  rated  as  hopeless,  however,  and  it  is  heartily  to  be 
hoped  that  a  lamp  of  such  high  efficiency  and  so  convenient  prop- 

1  A   report  read  at  the   fifth  annual  convention   of    the  Illuminating  Engineering 
"y.  .Chicago,  September  2=,.  v>,  27  and  28,  191 1. 
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erties  may  eventually  be  made  thoroughly  available.     For  the 
present,  however,  there  is  nothing  to  report. 

The  flaming  arcs  proper  have  steadily  increased  in  popularity, 
especially  since  of  late  long  burning  flame  arcs  have  begun  to 
come  into  production.  The  chief  fault  of  the  flame  arc  from  the 
operative  standpoint  has  been  the  fact  that  it  has  practically  re- 
quired trimming  every  night.  This  is  from  the  standpoint  of  the 
central  station  manager  a  nuisance,  but  would  not  be  so  serious  as 
it  is  save  for  the  high  cost  of  the  electrodes  themselves  which  has 
increased  considerably  under  our  late  beneficent  tariff  bill.  Be- 
tween expensive  electrodes  and  frequent  trimming  the  flame  arc 
has  been  materially  handicapped.  There  have  now,  however, 
been  made  available  long  burning  arcs  of  three  or  four  Ameri- 
can and  foreign  makes,  which  raise  the  burning  hours  to  a  point 
at  which  trimming  ceases  to  be  troublesome  and  the  electrodes  be- 
ing of  rather  large  diameter,  although  relatively  expensive  per 
piece,  are  themselves  cheaper  per  burning  hour  even  if  the  spe- 
cific rate  of  consumption  remains  practically  the  same.  Long 
burning  has  been  attained  in  these  arcs  by  one  or  more  of  the  fol- 
lowing expedients  ;  increasing  the  diameter,  increasing  the  length, 
and  changing  the  composition  by  the  addition  of  substances 
which  will  cause  the  electrode  to  burn  more  slowly.  None  of 
these  three  devices  is  wholly  unobjectionable.  The  gain  in  added 
life  merely  by  increasing  the  length  results  in  an  awkward  look- 
ing lamp  and  some  of  those  now  upon  the  market  are  fore- 
doomed to  failure  for  this  reason  alone.  Increasing  the  diameter 
of  the  electrode  tends  somewhat  to  lower  the  efficiency  and  in- 
jure the  steadiness  while  the  addition  of  any  restraining  sub- 
stances to  the  electrode  is  extremely  likely  to  injure  the  effi- 
ciency. The  best  results  seem  to  be  obtained  by  a  combination 
of  these  various  elements  so  as  to  use  a  fairly  long  electrode  of 
large  diameter  and  of  a  composition  to  give  as  good  life  as  is 
compatible  with  high  efficiency.  The  first  of  these  long  burning 
arcs  was  the  well  known  Jandus,  of  English  manufacture,  using 
a  lower  electrode  of  stellate  section,  the  actual  material  being 
packed  in  between  the  rays,  so  to  speak,  of  the  star.  It  gave 
about  75  hours  of  life  at  an  efficiency  not  quite  as  high  as  the 
best  flaming  arcs  of  the  period,  but  extremely  creditable. 

Many  claims  have  been  made  for  long  burning  arcs  of  other 
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makes  and  more  recent  manufacture.  Without  examining  these 
things  in  detail  it  is  within  conservative  bounds  to  say  that  there 
are  now  several  lamps  on  the  market  capable  of  giving  a  burning 
life  of  at  least  75  hours  per  trim,  at  an  efficiency  which,  while  not 
quite  as  good  as  would  be  reached  by  intensive  burning  of  the 
same  electrode,  is  still  from  a  practical  standpoint  very  satisfac- 
tory. It  seems  somewhat  dubious  whether  the  burning  life  can 
be  increased  beyond  the  point  mentioned  to  any  material  extent 
without  objectionable  loss  of  efficiency,  and  the  amount  of  debris 
produced  by  the  combustion  of  the  long  burning  electrode  is 
sufficiently  great  to  cause  a  material  reduction  of  light  during 
the  progress  of  a  single  trim,  unless  the  globes  are  cleaned  at 
intermediate  periods.  The  strongest  point  of  these  new  lamps 
is  that  they  may  be  successfully  operated  on  alternating  current 
and  give  a  useful  and  efficient  light  of  very  much  higher  effi- 
ciency than  any  of  the  alternating  arcs  heretofore  employed. 
Discretion  must  be  exercised,  however,  in  the  introduction  of 
these  lamps  lest  the  continual  temptation  to  attempt  to  secure 
longer  life  lead  to  so  considerable  a  reduction  in  efficiency  that 
the  usefulness  of  the  lamp  may  be  seriously  impaired. 

The  color  of  these  flame  arcs  is  usually  rather  a  lightish,  yel- 
low, which  your  committee  does  not  consider  objectionable  al- 
though the  question  of  color  of  street  illuminants  is  rather  a 
matter  of  taste  than  of  science.  White  flame  electrodes  to  meet 
the  requirements  of  long  burning  lamps  have  not  yet  been  made 
in  this  country  in  commercial  quantity  and  while  a  highly  effi- 
cient carbon  of  this  type  is  manufactured  abroad  the  cost  in  this 
country  is  too  high  to  encourage  its  use  on  as  large  a  scale  as 
would  otherwise  be  desirable. 

Regarding  other  arcs  the  .chief  point  of  interest  to  the  illuminat- 
ing engineer  is  the  increasing  use  of  the  small  intensive  arc  lamps 
burning  carbons  of  one  quarter  inch  diameter  or  thereabouts, 
with  currents  of  5  or  6  amperes.  These  arcs,  at  first  only  capable 
of  burning  18  or  20  hours  between  trims,  have  been  pushed  at  a 
slight  loss  of  efficiency  to  a  burning  life  of  40  or  50  hour-,  and 
are  highly  desirable  for  certain  purposes  as  giving  the  closest 
approximation  to  white  obtainable  in  any  efficient  commercial 
illuminant.  For  use  in  dry  goods  stores,  haberdashers  shops 
and  the  like,  these  intensive  arcs  have  proved  extremely  valu- 
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able  and  have  been  rapidly  pushed  into  use  during  the  past  year. 

Of  comparatively  new  lamps  outside  the  class  of  ordinary 
arcs,  the  most  interesting  is  the  quartz  mercury  arc,  commercial 
ly  introduced  for  the  first  time  in  this  country  within  the  last 
year,  although  well  known  abroad.  This  lamp  belongs  as  re- 
gards efficiency  in  the  same  class  with  the  flame  arcs.  It  is  re- 
markably steady,  particularly  as  regards  any  tendency  to  rapid 
variations,  and  the  tubes,  from  foreign  reports,  give  an  effective 
life  of  one  to  several  thousand  hours.  The  color  is  much  nearer 
white  than  the  familiar  mercury  lamp,  but  is  still  noticeably  lack- 
ing in  red,  although  there  are  several  fairly  brilliant  red  lines  in 
the  spectrum.  It  gives  promise  of  usefulness  in  the  lighting  of 
streets  and  large  spaces  when  it  shall  be  readily  obtainable  in  this 
country. 

Another  novelty  introduced  abroad,  unfamiliar  in  this  country  4 
is  the  Moore  tube  filled  with  neon.  The  nitrogen  tube,  which 
has  been  heretofore  described  before  the  society,  is  already 
familiar,  as  well  as  the  C02  tube,  which  gives  a  remarkably 
good  approximation  to  white  in  color  although  unfortunately 
at  a  very  low  efficiency.  The  neon  tube  gives  a  light  of  a  par- 
ticularly warm  and  mellow  color  and  the  reports  received  on  it 
indicate  a  very  much  higher  efficiency  than  in  any  other  form 
of  the  tube  yet  devised,  the  specific  consumption  being  rated  at 
somewhat  less  than  I  watt  per  candle.  Neon,  we  may  be  per- 
mitted to  remind  the  society,  is  one  of  the  gases  present  in  the 
atmosphere  in  extremely  small  quantities  and  obtainable  practical- 
ly by  what  amounts  to  the  fractional  distillation  of  liquid  air.  It 
is  not  too  troublesome  to  obtain  to  render  its  use  at  all  pro- 
hibitive for  the  purposes  of  illumination  and  this  innovation  is 
a  notable  step  in  the  evolution  of  gaseous  illuminants. 

Electric  Incandescent  Lamps: — Coming  now  to  incandescent 
electric  lamps,  the  most  important  recent  advance  has  been  the 
commercial  introduction  of  the  filament  of  tungsten  actually 
drawn  into  wire.  The  production  of  this  wire  lamp  is  now 
an  accomplished  fact  and  a  considerable  number  of  such  lamps 
have  been  put  into  use  with,  on  the  whole,  very  satisfactory  re- 
sults. The  new  filaments  are  worked  at  practically  the  same  effi- 
ciency as   the  old,  but  are  considerably   more   uniform   and  in 
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materially  less  danger  of  breaking  from  mechanical  shocks. 
Such  lamps  may  be  more  safely  run  in  unusual  positions  than 
the  earlier  tungsten  lamps  and  mark  a  very  considerable  advance 
in  incandescent  practise.  In  the  matter  of  sizes  the  tendency  in 
the  tungsten  lamp  manufacture  has  been  upwards.  The  400  and 
500  watt  sizes  are  now  in  considerable  use.  There  have  been 
some  successful  attempts  at  the  production  of  small  tungsten 
lamps  for  the  ordinary  voltages  ranging  from  15  to  20  watts 
consumption,  but  the  25  watt  size  remains  the  smallest  size  con- 
sidered regular. 

The  tantalum  lamp  is  still  in  considerable  production  in  spite 
of  the  formidable  competition  of  the  tungsten  type  and  is  being 
used  in  some  isolated  plants  with  very  good  results.  It  hardly 
seems  possible,  however,  that  it  can  permanently  withstand  the 
inevitable  reduction  in  cost  of  tungsten  lamps  of  much  higher  effi- 
ciency. 

Nothing  has  been  heard  recently  of  any  new  forms  of  incan- 
descent lamps.  The  helion  lamp  of  two  or  three  years  ago 
seems  to  have  dropped  entirely  out  of  sight  and  there  a'*c  no 
signs  of  any  present  promising  efforts  along  similar  lines.  Tung- 
sten seems  to  hold  the  field  as  by  far  the  best  available  material 
for  efficiency  in  incandescent  filaments  and  as  there  is 
no  metallic  element  yet  known  more  refractory  than  this,  in- 
candescent lamp  efficiency  may  be  properly  judged  to  have  been 
pushed  fairly  near  to  its  commercial  limit,  unless  greatly  cheap- 
ened manufacture  permits  a  somewhat  more  intensive  burning. 

Gas  Lamps : — Within  the  last  year  or  two  the  production  of  in- 
candescent mantles  has  undergone  considerable  improvement, 
in  fact  to  an  extent  that  the  general  public  does  not  fully  realize. 
The  present  mantles  of  the  best  class  do  not  give  much  higher 
candle-power  per  cubic  foot  of  gas  than  previously,  but  they  un- 
questionably both  give  a  longer  life  than  previously  and  hold  up 
their  candle-power  conspicuously  better.  The  ordinary  commercial 
mantle,  particularly  in  its  cheaper  forms,  is  still  made  on  a  cot- 
ton base,  but  the  tendency  is  very  strong  toward  the  use  of 
other  material,  which  gives  better  life  and  better  average  effi- 
ciency. Ramie  fiber  is  coming  into  increasing  use  as  the  material 
for  the  mantles  and  from  all  indications  is  a  considerable  improve- 
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ment  over  cotton.  Still  better  for  most  uses  seems  to  be  the 
artificial  silk  or  cellulose  mantles  now  in  production,  decidedly 
superior  to  any  others  yet  produced  in  the  point  of  maintain- 
ing their  efficiency  with  small  reduction  over  a  long  period. 
It  is  interesting  to  note  that  the  homogenous  artificial  fiber  pro- 
duced from  squirted  cellulose  is  as  much  superior  to  natural 
fiber  in  the  incandescent  mantle  as  it  was  proved  to  be  years  ago 
in  the  incandescent  electric  lamp. 

Another  material  improvement  in  mantles  is  the  introduction 
of  types  containing  more  ceria  than  the  standard  mantles  of 
past  years  and  giving  at  a  slightly  reduced  efficiency  a  light  free 
from  the  somewhat  glaring  color  familiar  in  the  ordinary  mantles. 
In  fact  one  can  now  obtain  mantles  of  almost  any  desired  hue 
from  a  distinctly  bluish  cast  to  a  mellow  orange-yellow. 

The  high  pressure  gas  lighting  common  for  some  years  abroad 
has  been  tried  experimentally  in  a  few  places  within  the  past 
year,  but  not  to  an  extent  which  may  fairly  be  called  commer- 
cial. It  is  to  be  hoped  that  the  system  will  be  fairly  tried  out 
in  this  country  ere  long,  although  the  special  distribution  system, 
which  foreign  experience  shows  to  be  necessary  for  work  on  a 
large  scale,  at  present  seems  to  stand  in  the  way  of  progress. 

Gas  Lamps  and  Appliances: — With  respect  to  the  actual  ap- 
paratus for  burning  gas  the  inverted  Welsbach  has  been  making, 
during  the  past  year,  very  rapid  progress  and  is  pushing  the 
older  upright  form  toward  obsolescence.  The  inverted  lamp 
lends  itself  more  conveniently  to  the  distribution  of  light  than  the 
older  form  and  is  its  superior  in  efficiency,  so  that  the  change 
now  inaugurated  should  be  continued  until  the  inverted  lamp  be- 
comes the  regular  standard  of  practise. 

Fixtures  have  been  materially  improved  and  in  particular 
shock  absorbing  devices  have  been  introduced  which  meet  the 
difficulty  heretofore  encountered  of  rapid  breaking  of  mantles 
in  exposed  situations. 

Methods  of  lighting  gas  lamps  are  being  steadily  improved. 
The  pressure  wave  system  for  street  lamp  lighting,  widely  used 
abroad,  has  not  attained  here  the  same  popularity,  perhaps  chiefly 
from  lack  of  special  mains  for  street  lighting,  but  it  is  in  very 
successful  use  in  some  cities  and  as  the  distribution   for  street 
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lighting  becomes  more  specialized  this  system  will  find  a  larger 
employment.  The  remarkable  pyrophoric  alloys  of  Auer  von  Wels- 
bach,  introduced  two  or  three  years  ago,  have  not  yet  come  into 
general  use.  The  trouble  has  not  been  with  the  alloy  but  with 
the  difficulties  in  the  mechanical  problems.  Improvements  are 
now  being  made,  however,  and  it  is  believed  that  this  very  sim- 
ple and  beautiful  method  of  gas  lighting  will  soon  come  into 
larger  use. 

METHODS   OF   ILLUMINATION. 

The  practise  of  illumination  of  late  has  been  following  quite 
along  the  customary  lines,  the  only  changes  being  a  gradual 
evolution  toward  a  somewhat  higher  degree  of  lighting  and  the 
use  of  more  pleasing,  and  on  the  whole  better  designed,  shades 
and  reflectors.  The  tendency  upward  in  the  amount  of  illumina- 
tion has  been  very  marked,  sometimes  indeed  passing  the  bounds 
of  good  judgment.  During  the  last  year  there  have  been  many 
outdoor  installations  of  a  so-called  decorative  character,  and 
some  of  them,  it  is  to  be  regretted,  have  violated  most  of  the 
canons  of  the  art.  The  lavish  and  reckless  use  of  unscreened 
arc  lamps  in  display  lighting  has  been  on  the  increase  and  it 
is  perhaps  not  going  too  far  to  say  that,  with  the  best  of  inten- 
tions, the  average  flamboyant  lighting  scheme  of  the  last  year  or 
two  is  from  the  standpoint  of  the  illuminating  engineer  bad.  There 
is  a  slight  tendency  toward  the  use  of  diffusing  globes  for  arcs, 
which  deserves  to  be  encouraged ;  but  for  the  most  part  extreme 
brilliancy  still  seems  to  be  the  one  thing  to  be  desired  in  such  in- 
stallations. Some  few  ornamental  installations  of  tungsten  street 
lamps  in  diffusing  globes  are  notably  good,  although  not  always 
satisfactory  from  an  economic  standpoint.  On  the  streets  even 
display  illumination  should  be  designed  with  due  regard  for 
economy,  so  that  a  system,  once  the  effect  of  its  newness  has 
worn  away,  may  not  be  regarded  as  a  financial  burden  and  even- 
tually abandoned. 

In  indoor  lighting  the  most  notable  tendency  has  been  toward 
the  use  of  indirect,  and  more  especially  semi-indirect,  illumina- 
tion. Some  of  the  fixtures  which  have  been  worked  out  for  the 
latter  scheme  are  very  beautiful  in  design  and  yet  not  uneconomi- 
cal as  is  commonly  the  case  with  the  pure  indirect  system  with 
opaque  coves  or  reflectors.     Progress  in  this  line  deserves  to  be 
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encouraged,  especially  from  the  decorative  standpoint  in  which 
it  is  often  superior  to  either  ordinary  direct  or  indirect  systems. 
To  meet  such  requirements  a  large  variety  of  new  glassware  for 
both  gas  and  electricity  has  been  put  upon  the  market.  It  is 
now  possible  to  obtain  not  only  prismatic  and  opal  glass  re- 
flectors in  many  varieties  of  finish  but  those  furnishing  color 
and  decorative  effects  very  useful  in  working  out  fine  installa- 
tions. The  use  of  colored  glassware,  and  indeed  colored  lights, 
offers  exceptional  opportunities  for  decorative  work,  one  ad- 
mirable example  of  which  was  described  before  this  society  last 
year. 

Reflectors  for  industrial  work  have  been  undergoing  steady 
improvement  so  that  at  the  present  time  a  much  larger  variety 
of  thoroughly  good  metal  reflectors  is  available  than  could  pos- 
sibly have  been  found  a  year  ago.  Reflectors  both  of  glass  and 
metal  have  been  worked  out  for  even  the  largest  sizes  of  tung- 
sten lamps,  so  that  every  available  size  can  now  be  equipped  with 
a  thoroughly  efficient  and  appropriate  reflector  either  for  general 
lighting  or  for  industrial  work.  Many  of  the  earlier  reflectors 
were  too  shallow  properly  to  screen  the  lamps,  but  those  of  more 
suitable  length  are  now  available,  and  where  exceptionally  com- 
plete screening  is  desired,  standard  reflectors  are  often  advanta- 
geously used  with  lamps  a  size  smaller  than  those  for  which  the 
reflectors  were  originally  designed. 

Suitable  devices  in  the  way  of  sockets  and  shade  holders 
have  been  recently  made  available  enabling  the  position  of  the 
lamp  in  the  shade  to  be  varied  within  limits  so  as  to  obtain  slight 
modifications  of  the  distribution  or  a  greater  or  less  amount  of 
screening  for  the  bulb.  These  minor  changes  are  far  more  im- 
portant practically  than  would  appear  at  first  sight  and  con- 
stitute a  material  improvement  in  the  equipment  available  for 
illumination.  An  interesting  auxiliary  to  lighting  with  mer- 
cury-vapor tubes  has  appeared  in  the  light-transformer  of  Dr. 
Hewitt,  which  is  practically  a  reflector  coated  with  fluorescent 
material  which  receives  energy  from  the  tube  and  transforms  it 
into  orange  light  which  so  supplements  the  light  from  the  tube 
itself  as  to  supply  the  missing  color  element,  and  produce  a  total 
light  flux  approximating  white  or  yellowish  white  as  may  be 
desired. 
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GENERAL    PROGRESS    IN    ILLUMINATING    ENGINEERING. 

The  past  year  has  seen  the  results  of  the  labors  of  this  society 
in  the  greater  public  interest  in  good  illumination,  in  a  notably 
better  popular  understanding  of  illuminating  matters,  and  in  the 
importance  attached  to  the  work  of  the  illuminating  engineer. 
There  has  been  founded  during  the  past  year  an  American  As- 
sociation for  the  Conservation  of  Vision,  in  which  a  number  of 
members  of  this  society  were  charter  members  and  in  which  they 
are  active.  This  association  with  respect  to  matters  of  illumina- 
tion can  be  counted  on  to  actively  reenforce  the  efforts  which 
have  already  been  made  by  this  society  toward  the  improvement 
of  public  and  private  illumination,  and  it  is  gratifying  to  re- 
cord that  similar  activity  has  been  displayed  abroad  in  atten- 
tion to  ocular  hygiene  and  to  the  improvement  of  illumination 
for  public  industrial  purposes.  A  commission  has  recently  been 
appointed  by  the  French  Minister  of  the  Interior  to  investigate 
and  report  on  methods  of  illumination  in  their  practical  bearing 
on  vision  and  on  industrial  processes,  and  your  committee  brings 
this  report  to  a  close  by  earnestly  recommending  that  this  Soci- 
ety should  cooperate  with  this  and  other  foreign  committees  and 
organizations  working  toward  the  same  end,  in  order  to  reach 
if  possible  at  least  an  international  consensus  of  opinion  that 
may  lead  to  definite  progress  all  over  the  world  in  practical  il- 
lumination. 

Respectfully  submitted, 

Louis  Bell, 
Chairman,  Committee  on  Progress. 

DISCUSSION. 

Mr.  George  S.  Barroivs: — As  a  member  of  the  committee  on 
progress,  I  think  that  it  might  be  well  to  elucidate  one  or  two 
matters  here  which  are  spoken  of  in  reference  to  high  pressure 
gas  lighting.  The  report  states,  "it  is  to  be  hoped  tfiat  the  sys- 
tem will  be  fairly  tried  out  in  this  country  ere  long,  although 
the  special  distribution  system,  which  its  foreign  experience 
shows  to  be  necessary  for  work  on  a  large  scale,  at  present  seems 
to  stand  in  the  way  of  progress."  It  is  true  that  where  high 
pressure  lighting  has  been  adopted  widely,   in   Germany  and   in 
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England,  special  distribution  systems  have  been  installed  but  it 
is  only  where  there  has  been  a  wide  application  of  this  system  that 
these  special  distribution  systems  have  been  installed.  When 
high  pressure  lighting  is  first  started  over  there  in  most  places, 
small  individual  compression  plants  are  put  into  service,  and  it 
is  only  when  the  business  develops  to  such  an  extent  that  it  is 
more  economical  to  put  in  one  high  pressure  distribution  system 
and  do  away  with  the  individual  systems  that  the  special  system 
is  put  into  use.     In  this  country  two  of   the  installations  that 

1  am  familiar  with  are  operated  by  small  individual  compression 
plants,  while  one  system  is  taken  from  a  high  pressure  pumping 
main. 

Further  on  the  report  states  in  reference  to  the  pressure  wave 
ignition  system:  "The  pressure  wave  system  for  street  lamp 
lighting,  widely  used  abroad,  has  not  attained  here  the  same  popu- 
larity, perhaps  chiefly  from  lack  of  special  mains  for  street  light- 
ing, but  it  is  in  very  successful  use  in  some  cities  and  as  the  dis- 
tribution for  street  lighting  becomes  more  specialized  this  system 
will  find  a  larger  employment."  It  is  not  at  all  necessary  to  use 
special  mains  for  street  lighting,  and  in  none  of  the  installations 
abroad  with  which  I  am  familiar  do  they  use  special  mains.  There 
are  probably  a  quarter  a  million  pressure  wave  lighters  in  use 
on  the  continent  and  in  England.  There  is  one  company  that  I 
know  of  that  has  approximately  ninety  thousand  street  lamps 
and  there  are  thirty  or  forty  other  companies  in  the  field,  so  I 
presume  probably  a  quarter  of  a  million  street  lamps  are  lighted 
by  this  pressure  wave  system.  For  none  of  the  street  lamps  do 
they  have  a  special  main  for  street  lighting.  I  know  of  only  two 
installations  that  exist  in  this  country  at  the  present  time.  In 
one  of  the  largest  cities  in  the  country  these  pressure  wave 
lighters  are  in  use  experimentally  and  perhaps  a  hundred  of  them 
are  in  use  in  one  of  the  small  districts  of  the  city  served  from 
the  regular  distribution  mains.  In  another  city  in  this  country, 
a  city  of  about  a  hundred  thousand  people,  there  are  two  suburbs, 
one  about  twelve  miles  distant  in  one  direction  and  another  about 
eight  miles  distant  in  the  opposite  direction.  The  street  lamps 
in  these  two  suburbs  are  lighted  by  means  of  a  pressure  wave  put 
on  at  the  central  manufacturing  plant  in  the  central  city.  In 
neither  case  is  there  a  special  distribution  system. 
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J  make  these  remarks  because  as  the  report  reads  there  might 
be  some  misunderstanding  and  it  might  cause  some  to  think 
that  special  systems  are  necessary  for  the  high  pressure  light- 
ing and  for  the  pressure  wave  ignition. 

Mr.  S.  L.  E.  Rose: — I  notice  on  the  second  page  of  Dr.  Bell's 
report  three  methods  of  increasing  the  life  of  flame  arc  lamps. 
But  no  mention  is  made  of  enclosing  the  arc  as  a  method  of  in- 
creasing the  life  of  the  electrodes.  In  this  way  the  life  has 
been  increased  to  over  one  hundred  hours.  In  the  report  the 
life  is  set  down  as  seventy-five  hours.  As  regards  the  decrease 
in  candle-power,  due  to  the  deposit  on  the  globe,  this  has  been 
kept  down  by  condensing  chambers  which  collect  the  fumes. 
The  decrease  is  about  twenty  to  twenty-five  per  cent,  of  the 
initial  candle-power.  On  the  5-ampere  intensified  arc  lamp  the 
life  is  about  seventy-five  to  eighty  hours  instead  of  forty  to 
fifty  hours. 

Mr.  E.  L.  Elliott : — Dr.  Bell  speaks  of  the  petty  economy  of 
using  the  smaller  sized  luminous  arc  for  street  lighting.  There 
i-  another  much  more  serious  case  of  misplaced  economy  in  the 
use  of  the  magnetite  arc  lamp.  The  magnetite  arc  is  without 
question  the  most  dazzling  of  all  commercial  lighting  mediums 
at  the  present  time.  The  use  of  the  clear  globe  it  seerns  to  me 
is  a  very  decided  backward  step  in  illuminating  engineering.  It 
is  getting  back  to  the  old  days  of  the  carbon  arc  lamp  without 
a  globe  which  was  about  the  worst  illuminant  ever  placed  in  a 
street.  I  can  see  no  other  reason  for  the  failure  to  diffuse  the 
light  of  the  magnetite  arc  than  one  of  economy.  The 
absorption  by  such  globes  reduces  the  efficiency.  The  arc,  as 
you  know,  gives  a  considerable  proportion  of  blue  which  would 
entail  a  special  loss  of  light  if  globes  of  opalescent  glass  were 
used.  <  )palescent  glass  globes  have  a  selective  absorption  for 
blue,  a  great  deal  of  the  glass  being  out  of  the  question  for  out- 
door  use  for  reasons  of  heating;  but  even  so  it  must  be  de- 
ducted from  the  efficiency  of  the  magnetite  lamp. 

The  tendency  which  Dr.  Bell  also  mentions  in  public  lighting 
of  getting  as  much  glare  as  possible  is  an  unfortunate  one.  It 
is  probably  one  that  we  will  outgrow.  I  am  soiTy  to  see  it  com- 
ing in  again  at  all.     The  illuminating  engineers  should  certainly 
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be  interested  in  combating  this  unfortunate  use  of  a  light  source 
that  is  in  other  respects  inherently  good. 

Mr.  L.  B.  Marks: — It  seems  to  me  that  Dr.  Bell  has  not  laid 
sufficient  stress  upon  what  appears  to  me  to  be  one  of  the  greatest 
advances  which  has  been  made  in  recent  years  and  especially  dur- 
ing the  past  year,  in  systems  of  lighting  industrial  establishments. 
I  refer  to  the  use  of  systems  of  general  illumination  supple- 
mented where  necessary  by  localized  illumination.  Up  to  a  com- 
paratively few  years  ago  we  simply  copied  the  old  method  that 
was  used  abroad  particularly  in  Germany  and  in  France,  or  hang- 
ing a  drop  lamp  over  the  work  to  localize  the  light  on  the  space 
to  be  illuminated,  and  ignored  the  general  physiological  questions 
involved.  Only  a  few  years  ago  any  one  traveling  through  the 
factories  of  the  United  States  would  find  most  of  them,  I  dare 
say  off-hand  ninety  per  cent,  of  them,  illuminated  by  drop  lamps 
housed  in  opaque  reflectors  immediately  over  the  work,  practi- 
cally without  any  general  illumination  in  the  shop.  Even  to-day, 
unfortunately,  some  of  the  largest  factories  and  industrial  es- 
tablishments in  the  United  States  are  so  illuminated.  The  gen- 
eral tendency  during  the  past  year,  I  think,  has  been  to  get  away 
from  the  strictly  localized  system  of  illumination  and,  broadly 
speaking,  this  change  marks  an  epoch  in  illuminating  engineering. 

The  tendency  of  the  layman  is  to  think  that  if  he  has  only 
localized  light  on  the  work,  he  can  get  the  best  results  not  only 
from  the  standpoint  of  illumination  but  from  the  standpoint  of 
economy.  He  usually  can't  understand  that  there  may  be  ulti- 
mate economy  in  spending  three  times  as  much  for  his  illumina- 
tion. 

There  is  another  point  that  has  occurred  to  me :  I  see  no 
mention  in  the  report  of  daylight  illumination  or  the  progress 
that  has  been  made  in  the  daylight  illumination  of  interiors. 

Mr.  J.  G.  Henninger : — On  the  eighth  page  of  this  report  is  the 
following  statement :  "Reflectors  for  industrial  work  have  been 
undergoing  steady  improvement  so  that  at  the  present  time  a 
much  larger  variety  of  thoroughly  good  metal  reflectors  is  avail- 
able than  could  possibly  have  been  found  a  year  ago."  There  are 
a  large  number  of  reflector  companies  who  are  pushing  this 
industry  to  the  limit,  and  I  think  the  statement  can  readily  be 
~made  that  there  are  between  four  and  five  times  as  many  good 
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metal  reflectors  on  the  market  to-day  as  there  were  a  year  ago. 
Another  point  that  has  been  exceptionally  interesting  to  me  has 
been  the  excellent  efficiency  of  these  units.  The  average  figures 
for  glass  reflectors  will  be  somewhere  near  twenty  per  cent,  of 
total  flux  emitted  from  the  lamp  in  the  upper  hemisphere  and 
about  sixty-five  per  cent,  in  the  lower  and  between  forty  and 
fifty  in  the  sixty  degree  zone.  In  a  good  many  of  the  metal 
reflectors  it  has  been  easily  possible  to  get  an  average  of  sixty- 
five  per  cent,  total  flux  from  the  lamps  in  the  lower  hemisphere 
I  have  several  instances  in  mind  where  as  high  as  86  per  cent, 
total  flux  in  the  lower  hemisphere  was  obtained,  the  spherical  effi- 
ciency being  91  per  cent.,  and  I  think  that  is  pretty  good.  There 
has  been  quite  a  number  of  reflectors  that  will  average  as  high 
as  65  per  cent,  in  the  sixty  degree  zone.  The  excellent  efficiency 
of  this  class  of  reflectors  should  be  kept  well  in  mind. 

.1/;-.  /.  R.  Cravath : — I  want  to  second  all  Mr.  Marks  has  said 
about  importance  of  general  lighting  compared  with  localized  light- 
ing in  factories,  in  fact,  in  nearly  all  classes  of  illumination  work. 
Some  tests  that  I  have  recently  conducted  have  brought  that  out 
very  strongly,  but  I  will  not  dwell  on  it  at  any  greater  length 
here  because  I  am  to  take  it  up  in  a  paper  of  my  own  at  a  later 
session.  We  must  consider  not  only  quantity  of  light  but  quality 
of  light  that  we  get  on  the  work.  We  must  talk  quality  from 
now  on  more  than  we  have  in  the  past. 

I  would  like  to  ask  Mr.  Henninger  who  gave  those  figures 
on  the  light  flux  of  the  lower  hemisphere  with  different  metal 
reflectors,  whether  or  not  those  figures  were  on  the  total  light  flux 
of  the  lamp  or  the  total  light  flux  which  is  emitted  from  the 
n  flector? 

Mr.  J.   G.  Henninger'. — From  the  lamp. 

Mr.  J.  R.  Cravath  : — Was  I  correct  in  understanding  you  to 
say  some  gave  as  high  as  ninety  per  cent? 

Mr.  J.  G.  Henmuqer: — In  one  or  two  isolated  cases. 
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RECENT  SMALL  GAS  LIGHTING  UNITS.1 


BY    F.    II.    GILPIN- 


In  the  general  development  of  the  present  systems  of  interior 
lighting  by  gas,  especially  in  residences,  necessity  has  arisen  for 
more  variety  in  small  sized  units. 

The  electrical  interests  have  for  some  time  supplied  units  of 
almost  any  size  and  to  suit  every  need.  Formerly  it  was  8,  16 
and  32  candle-power  carbon  units;  later  the  same  size  in  the 
metallized  filament  type  and,  lately,  the  20  and  40  candle-power 
tantalum  and  20,  32  and  48  candle-power  tungsten  units,  which 
give  an  approximate  mean  spherical  candle-power  of  about  7, 
14  and  28  for  the  carbon  and  metallized  filaments  and  17.5  and 
35,  and  17.5,  28  and  42  for  the  new  filament  lamps. 

In  contrast  with  this  the  gas  industry  has  long  contented  itself 
with  single  inverted  units  of  50  mean  spherical  candle-power  and 
upright  units  of  about  85  mean  spherical  candle-power,  all  the 
arcs  and  larger  lamps  being  mere  multiples  of  these  units.  It 
is  seen  that  the  smaller  of  these  units  is  larger  than  the  largest 
incandescent  electric  lamp  commonly  used  in  the  interior  field. 

German  and  English  manufacturers  were  the  pioneers  in  the 
development  of  a  smaller  unit  that  should  occupy  a  position  so 
that  its  light  flux  would  be  one-half  that  of  the  former  smallest 
gas  unit.  The  first  development  was  an  upright  burner,  but 
later  inverted  burners  of  the  ''midget"  type,  so  designed  as  to 
give  about  25  mean  spherical  candle-power,  were  introduced. 

The  field  that  is  opened  by  the  use  of  a  small  unit  of  this 
type  can  be  readily  apprehended.  The  introduction  of  the  so- 
called  junior  upright  burner  opened  the  way  for  the  replacement 
of  a  large  number  of  open  flame  burners  without  requiring  any 
change  in  fixture  or  glassware.  This,  however,  did  not  to  any  great 
extent  improve  the  effective  distribution,  especially  in  a  majority 
of  cases  where  the  old  glassware  was  adhered  to,  which  em- 
phasized the  poor  distribution  by  brightening  the  upper  hemi- 

1  A  paper  read  at  the  fifth  annual  convention  of  the  Illuminating  Engineering 
Society.  Chicago,  September  25.  26,  27  and  2S,  1911. 
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sphere  and  showing  a  greater  contrast  of  light  and  shade  than 
before.  By  slight  changes  it  is  possible  m  many  cases  to  em- 
ploy the  new  types  of  inverted  "midget"  lamps  with  their  own 
glassware,  which  is  usually  designed  to  distribute  the  light  flux 
to  the  best  advantage. 

Also,  there  arise  situations  where  a  50  mean  spherical  candle- 
power  unit  would  give  such  a  great  excess  of  light  as  to  make  its 
use  uneconomical.  For  such  occasions  the  small  unit  is  es- 
pecially advantageous,  and  for  this  purpose  its  development 
should  be  continued. 

During  the  last  year  and  a  half,  or  two  years,  several  small 
gas  lighting  units  of  this  type  have  been  examined  and  tested 
in  various  ways  to  determine  their  usefulness  under  varying 
conditions.  Seven  of  these  lamps,  lettered  respectively  A,  B, 
C.  D,  E,  F  and  G.  will  be  compared  and  their  relative  efficiencies 
tabulated  and  discussed. 

Lamps  A  and  F  are  of  German,  B,  D  and  G  of  English  and  C 
and  E  of  American  design.  They  show  in  approximately  the 
same  order  the  care  taken  in,  and  extra  workmanship  given  to, 
the  minor  details  of  manufacture. 

TABLE  I. 

Gas  Air  Injector   Enlarged 

adjust-     adjust-    Bunsen  or  mixing  Burner        Inner 

Lamp    ment         ment       tube         raceway  chamber    Gauze         tip         cylinder    Globe 

A      Yes         Yes     Straight       Yes         Yes        No     Magnesia  Draft  Closed 

Down 
B      Yes         Yes     Injector        No        No  No     Metal         No         Open 

Down  shape 

C      Yes         No       Semi-  No        No  No     Metal  No         Air- 

Up  circular  hole 

I)     Yes         Yes     Straight         No        No  N<>     Porcelain   No        Open 

Down 
E      Yes         Yes     Straight         No       Yes     No.  18  Magnesia   No        Open 

Down  Mesh 

P      Yes         Yes     Straight         No       Yes  No     Magnesia    Draft    Closed 

Down 
G     No  Ye>     Straight         Yes       Yes  1  No.  2S    Metal         No         Cl< 

Down  1  No.  24 

A — Bunsen  protected  from  products  by  partitions  in  shell. 
D — Lower  half  of  bunsen  of  porcelain. 
E — Very  long  burner  tip.     Bunsen  protected  as  A. 
F — Thermostatic  primary  air  control.     Bunsen  protected  as  A. 
G — Mixing  chamber  filled  with  baffles  to  act  as  regenerator. 


606        TRANSACTIONS  OE  ILLUMINATING  ENGINEERING  SOCIETY 

Table  I  outlines  the  general  points  in  which  the  construc- 
tion of  the  lamps  differ  as  to  the  methods  of  introducing  and 
regulating  the  gas  and  air  supply  to  obtain  a  satisfactory  mix- 
ture. 

In  table  II  are  given  the  results  obtained  with  these  lamps  at 
various  pressures  between  2.0  and  4.5  inches  of  water.     All  the 


TABLE  II. 

amp 

Pressure 

Consump- 
tion 

Mean 

spherical 

candle-power 

Mean 

spherical 

candle-power 

per 

cu.  ft. 

IyUmens 

iAimens  per 
British  therma 
unit 
per  hr. 

A.. 

••     1-5 

1.44 

35-8 

24.86 

450 

0.487 

2.0 

I.62 

4I.O 

25-31 

515 

O.496 

2-5 

I.63 

42.8 

2589 

538 

O.508 

3-o 

I.63 

43-4 

26.64 

545 

O.522 

3-5 

1.66 

43-7 

26.18 

549 

O.514 

4.0 

i-77 

45-1 

25-50 

567 

O.500 

4-5 

1.94 

46.9 

24.18 

589 

O.474 

5-o 

2.01 

47.8 

23.78 

601 

0.466 

B-. 

.  •    2.0 

1. 10 

29.2 

26.44 

367 

O.507 

2-5 

1.31 

35-9 

27.40 

451 

O.524 

3-5 

i-57 

40.3 

25.66 

506 

O.491 

4-5 

1.85 

42.3 

22. S9 

532 

O.438 

C 

. .    2.0 

1. 01 

15-2 

I5.OO 

191 

O.303 

2-5 

1. 16 

17.4 

I5-03 

219 

O.304 

3-5 

1.30 

20.3 

15-59 

255 

O.316 

4-5 

i-39 

23.0 

16.55 

289 

0-335 

D-. 

. .    2.0 

1.03 

25-4 

24.70 

319 

O.471 

2-5 

I.I5 

27.7 

24.10 

34S 

O.461 

3-5 

1. 21 

29.0 

23-95 

365 

0.459 

4-5 

1-35 

3i-7 

23-47 

399 

0.449 

E-- 

. .   2.0 

1.40 

27.S 

19.90 

35° 

0.378 

2-5 

1-73 

35-0 

20.20 

440 

O.384 

3-5 

1.83 

36.0 

19.70 

453 

0.374 

4-5 

2.06 

40.0 

19.40 

503 

O.369 

F-. 

. .   2.0 

0.97 

21.7 

22.36 

273 

0.439 

2.5 

1. 21 

22.5 

18.58 

283 

O.364 

3-5 

1.38 

23.6 

17.10 

297 

0.33I 

4-5 

1.47 

22.8 

I5-46 

287 

0.300 

G  •  • 

..   3.0 

o.55i 

6.7 

12.19 

84 

O.255 

4.0 

0.62 

n. 7 

18.87 

147 

O.39I 

6.0 

0.71 1 

16.8 

23.62 

211 

O.490 

8.0 

0.882 

21.0 

23.86 

264 

0.495 

10.0 

0.982 

24.4 

24.86 

317 

O.516 

Average  of  iS  larger  units 


17.77 


o.345 
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values  given  have  been  reduced  to  the  common  equivalent  of  a 
clear  glass  globe  by  determining  the  relative  absorptions  of  the 
various  globes  with  which  the  lamps  were  originally  equipped. 
This  was  done  to  facilitate  a  more  satisfactory  comparison  of  the 
various  candle-powers  and  efficiencies.  All  tests  were  made 
on  an  average  mixed  (coal  and  water)  gas  of  specific  gravity 
of  about  0.66  and  gross  heating  value  of  between  600  and 
30  British  thermal  units  per  cubic  foot.  In  the  last  column 
is  given  an  efficiency  factor  of  lumens  per  British  thermal  unit 
per  hour.  This  forms  a  very  good  method  of  comparison 
with  the  electrical  rating  of  lumens  per  watt  and  gives  as  a  basis 
an  actual  measurable  quantity  of  mechanical  energy  of  input 
compared  to  a  physiological  measure  of  useful  output. 

It  will  be  noted  that  with  the  exception  of  C  and  G  all  the  lamps 
tve  a  uniformly  high  efficiency,  showing  a  maximum  at  what  is 
nerally  accepted  as  normal  pressure,  that  is  between  2.0  and 
2.5  inches  of  water.  This  efficiency  is  higher  by  about  25 
to  30  per  cent,  than  that  shown  at  the  bottom  of  the  table  as 
the  average  efficiency  obtained  from  eighteen  units  designated 
as  "larger"  and  having  an  approximate  mean  spherical  candle- 
power  of  50.  The  exceptions  in  the  cases  of  the  lamps  cited 
may  be  readily  explained.  In  lamp  C  the  curved  bunsen  tube 
and  primary  air  ports  are  of  such  design  that  at  normal  pres- 
sure a  supply  of  primary  air  sufficient  for  good  combustion  of 
the  gas  necessary  to  fill  out  ihe  mantle  cannot  be  entrained ; 
consequently,  as  the  pressure  is  raised,  the  jet  velocity,  due 
to  the  greater  constriction  of  the  orifice,  is  increased,  a  larger 
volume  of  air  in  proportion  to  the  volume  of  gas  is  entrained 
and  better  combustion  is  obtained. 

In  lamp  G  the  gas  and  air  are  previously  mixed  in  the  pro- 
portion of  two  volumes  of  gas  to  three  volumes  of  air  and  by 
suitable  mechanical  apparatus  the  mixture  is  supplied  to  the  lamp 
at  a  considerable  increase  above  the  normal  operating  pressure 
for   low-pressure   lamps. 

previously  noted,  the  efficiency  of  the  small  units  is  from 
25  to  30  per  cent,  above  that  generally  obtained  from  similar 
units  of  larger  size.  This  effect  may  be  due  to  various  causes, 
but  one  reason  is  the  relative  temperatures  of  the  mantles. 
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In  order  to  form  some  idea  of  the  extent  to  which  the  mantle 
causes  this  difference  of  efficiency  between  the  large  and  the 
small  units,  a  short  investigation  was  made  of  the  relative  flame 
and  mantle  temperatures  of  two  lamps  of  the  same  make  but 
of  different  sizes.  The  same  procedure  was  followed  in  test- 
ing both  lamps.  A  new  lamp  was  erected  and  fitted  with  a 
new  mantle  that  appeared  to  be  of  average  size  and  shape  upon 
inspection.     No    glassware    was    used.     After    burning    off    the 


1625- 
19  75- 
2075* 
2200* 
2250* 


Large    lamp 


-1700* 
-1800* 
-1350* 
-1975* 
2000- 


Flame    and 


intle    temperatures 


Fij 


mantle  the  lamp  was  adjusted  at  2.5  inches  pressure  to  a  point 
of  maximum  brilliancy.  After  the  lamp  and  mantle  had  be- 
come thoroughly  heated  temperature  readings  were  obtained 
at  uniform  distances  on  the  surface  of  the  mantle  by  means  of 
a  platinum-rhodium  thermo-couple  having  a  bead  of  0.028  in. 
(0.71  mm.)  diameter  and  standardized  in  connection  with  a 
milli-voltmeter.  The  mantle  was  then  removed  and  without 
readjustment  temperature  readings  were  taken  in  a  similar  man- 
ner on  the  surface  and  in  the  interior  of  the  flame.  The  dimensions 
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of  the  free  flames  were  also  ascertained.     The  mantle  was  then 
replaced  and  check  measurements  made. 

In  fig.  i  are  shown  full  size  sketches  of  the  flames  and  man- 
tles, with  the  temperatures  recorded.  The  averages  show  the 
remarkable  difference  in  mantle  temperatures  obtained  with 
practically  the  same  unconfined  flame  temperatures : 

TABLE  III. 

25  c-p.  unit  50  c-p.  unit 

( .as Mixed               Mixed 

Pressure 2.5  in.                    2.5  in. 

British  thermal  units  of  gas 675                        675 

Consumption  (cu.  ft. )  per  hour  1.67                      3.50 

Average  flame  temperature  °F.  (Abs.)  •  ••  2,988                     2,979 

Average  mantle  temperature  °F.  (Abs.)..  2,542                     2,352 

Projected  luminous  area 0.75  sq.  in.          1.97  sq.  in. 

Surface  area 2.53  sq.  in.          6.66  sq.  in. 

Volume  mantle .491  cu.  in.       1.935  cu.  in. 

Volume  free  flame .353  cu.  in.       2. 128  cu.  in. 

Weight  (sq.  in. )  mantle  ash .06392  grams     .0688    grams 

Total  weight  luminous  mantle . 16] 72  grams     .45S2r  grams 

British  thermal  units  per  hour  pero.i 

gram  ash 697                        5 1 5 

In  the  ratio  of  "British  thermal  unit  per  hour  per  0.1  gram    ash" 

may  be  found  the  solution  of  the  higher  temperature  and  efficiency. 

182 
The  increase  of  heat  added  per  unit  weight  of  ash  is        -   X    100 

492 

37.0  per  cent.;  the  increase  of  temperature  is  -  X   100  — 

2»352 
8.1  per  cent,   and  the  approximate  ratio  of  energy  emitted 

(2,552)4  ,  .     .  ,        .       . 

-, rj        1.305,  or  an  excess  or  36.5  per  cent.     As   the  lamps 

cited,  with  the  exceptions  of  C  and  G,  show  a  relative  efficiency 

0.468 
or  :  t-355,  the  analogy  between  the  heat  supplied,  radia- 
tion theoretically  expended  and  the  luminous  efficiency  is  very 
close.  Again,  the  ratio  of  the  free  flame  volume  to  the  en- 
closed mantle  volume  may  have  some  relation  to  the  temperature 
tc  which  the  mantle  may  be  raised.  In  case  of  restricted  out- 
flow between  the  mantle  ring  and  burner  nozzle,  combustion 
may  be  incomplete,  while  with  too  large  an  opening  an  excess  of 
air  may  be  entrained  and  the  temperature  of   the  mantle  may 
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not  reach  the  possible  maximum.  In  any  case  the  temperatures 
of  the  flames  obtained  by  properly  burning  a  uniform  sample 
of  gas  should  be  the  same,  independent  of  the  sizes  of  the 
flames,  provided  that  the  air  supply  can  be  regulated  with 
sufficient  accuracy.  It  has  been  found  from  several  te^ts 
that  a  lamp  equipped  with  a  mantle  having  a  low  weight 
of  ash  per  unit  area  gives  a  considerably  higher  efficiency 
than  one  equipped  with  a  heavier  mantle.  The  limited 
range  of  this  short  experiment  does  not  warrant  the  forming 
of  a  definite  theory,  but  the  comparison  is  of  interest,  inas- 
much as  it  apparently  corroborates  the  actual  photometric  effi- 
ciencies obtained. 

The  extent  of  one's  knowledge  of  any  type  of  lamp  should 
not  end  here.  It  should  not  be  restricted  to  the  determination 
of  the  initial  efficiency  and  the  character  of  the  distribution 
curve.  The  characteristic  that  is  of  greatest  value  in  determining 
the  utility  and  advantage  of  one  type  over  another  is  its  ability 
to  endure  continuous  use,  maintaining  a  high  percentage  of  its 
original  efficiency  and  preserving  its  mechanical  properties  over 
a   considerable   period   of    time. 

At  least  three  elements  determine  the  success  of  a  gas  unit. 
First,  the.  point  having  possibly  the  greatest  importance  is  the 
mantle.  On  its  mechanical  structure  and  chemical  saturation 
depends  its  ability  to  withstand  shocks  and  hard  use.  Here  is 
where  the  installation  not  under  maintenance  shows  most  con- 
spicuously its  deterioration.  Secondly  should  be  considered  the 
structure  of  the  burner  itself.  On  the  smoothness  of  the  interior 
finish  depends  the  amount  of  trouble  caused  by  stoppage  due  to 
the  accumulation  of  dirt  and  dust,  fouling  of  orifices  and  gauzes 
and  the  corrosion  of  important  parts.  These  troubles  may  at 
times  be  beyond  immediate  remedy  and  result  in  the  condemning 
and  discarding  of  the  lamp.  Third,  while  less  trouble  is  inci- 
dent to  the  breakage  and  soiling  of  glassware,  yet  care  should 
be  taken  in  the  design,  so  as  to  permit  of  easy  removal  for  re- 
placement by  cleaning.  The  first  two  points  mentioned  are  of 
great  importance,  inasmuch  as  they  are  beyond  the  control  of 
the  average  user  of  gas  and  directly  affect  the  performance  of 
the   lamp. 
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As  a  criterion  of  the  possibilities  of  these  lamps,  when  oper- 
ated under  actual  service  conditions,  each  lamp  was  subjected 
to  what  might  be  termed  a  maintenance  period  test  of  ten  days. 
The  lamps  were  burned  for  five  hours  each  day,  using  a  uni- 
form gas  at  a  constant  pressure,  making  a  total  burning  time 
of  fifty  hours.  No  change  of  adjustment  was  made  daring 
this  period,  unless  absolutely  necessary,  and  each  lamp  was 
operated  with  the  equipment  supplied.  Upon  removing  the  lamps 
from  the  test  a  first  candle-power  measurement  and  efficiency 
determination  was  made  with  the  lamp  in  the  condition  as 
found  and  a  second  reading  obtained  after  all  the  glassware  had 
been  thoroughly  cleaned. 

Whenever  a  lamp  showed  unusual  promise  a  further  "life 
of  1,000  hours  continuous  burning  was  resorted  to,  slight 
changes  in  adjustment  being  made  from  time  to  time  when 
necessary. 

A  summary  of  the  short  tests  is  given  in  table  IV  and  the 
special  1,000  hour  tests  in  table  V. 

The  common  electrical  practise  is  to  consider  a  lamp  as  having 
outlived  its  usefulness  when  the  candle-power  has  fallen  below 
8r  per  cent,  of  the  initial  value.  There  is  no  reason  why  this  should 
not  be  considered  good  practise  in  the  gas  lighting  industry. 
This  suggestion  is  not  made  with  the  idea  that  a  new  lamp  should 
be  supplied,  but  that  when  the  value  of  a  lamp  falls  below  the  80 
per  cent,  limit  it  should  be  thoroughly  cleaned  internallv  as  well 
as  externally  and  put  back  into  service.  The  loss  in  candle- 
power  due  to  the  collection  of  dust  and  dirt  on  the  glassware 
and  the  protecting  shades  should  not  be  charged  against  the  lamp, 
as  the  depreciation  resulting  from  this  source  will  be  on  an 
average,  under  reasonably  clean  conditions  of  use.  between  8  and 
10  per  cent,  during  one  thousand  hours.  As  shown  in  table  IV 
the  loss  due  to  other  causes  than  accumulation  of  dust  on  the 
cda^-ware  during  a  maintenance  period  depends  to  a  great  ex- 
tent on  the  condition  of  the  mantle.  One  lamp  actually  showed 
a  gain  in  candle-power,  while  all  the  others,  with  the  exception 
of  lamp  C.  showed  a  net  candle-power  loss  of  between  3  and  5 
per  cent.  The  mantle  in  lamp  C  was  considerably  carbonized 
at  the  end  of  the  run,  a  condition  accounted  for  by  reasons  stated 
under  the  discussion  of  the  lamp  construction.     The  losses  due 
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to  soiled  glassware  were  variable  on  account  of  greatly  different 
atmospheric  and  interior  conditions  at  the  times  of  the  tests. 
In  the  1,000  hour  test  the  net  loss  was  considerably  less  than  20 
per  cent.,  though  the  actual  loss  was  greater. 

Some  effort  was  made  in  connection  with  the  1,000  hour  ser- 
vice test  to  find  a  relation  between  the  loss  in  candle-power  and 
the  weight  of  the  mantle  per  square  inch.  As  numerous  mantles 
having  a  unit  weight  of  about  0.069  grams  per  square  inch  had 
shown  exceptionally  good  results  in  life  and  candle-power,  this 
weight  was  adopted  as  a  temporary  mantle  standard.  Other 
mantles  were  examined  that  showed  a  very  high  initial 
candle-power  and  efficiency,  but  a  very  short  life.  These  were 
found  to  have  a  low  weight  per  unit  area  and  were  designated 
as  "flash."  In  the  1,000  hour  test  the  weights  of  the  mantles 
as  found  were : 

I,anip  Weight  of  mantle  per  square  inch 

A  0.05000  grams 

B  0.04004       " 

D  0.05624       " 

E  0.06392       " 

The  life-test  results  obtained  are  not  in  strict  accordance  with 
the  "flash"  mantle  theory,  inasmuch  as  the  lightest  mantle  gave 
as  satisfactory  results  as  the  heavier  ones. 

There  may  be  a  lower  unit  weight  that  would  be  satisfactory 
for  use  with  the  smaller  mantle,  owing  to  the  mantle's  greater 
structural  strength,  due  to  its  smaller  size  and  consequently  less 
strain  on  the  fibers  near  the  ring.  This,  however,  is  a  point  as 
yet  undetermined,  though  the  results  recorded  above,  which  are 
strangely  at  variance  with  the  larger  units  under  the  same  con- 
ditions, show  a  marked  tendency  toward  such  a  theory.  How- 
ever, further  experience  in  this  direction  would  be  necessary  to 
prove  the  point  one  way  or  the  other. 

In  addition  to  the  small  inverted  burners,  several  of  the  up- 
right type  have  been  used  for  comparison.  These  should  also 
be  considered  in  the  general  selection  of  small  gas  units.  Four 
burners  are  listed  below  and  described. 

Lamp   H   is   an   American   type,   previously   described   before 
this  society  by  Mr.  Macbeth,  with  an  extra  section  added  to  the 
mica  chimney. 
^Lamp  I  is  a  medium  sized  unit  of  German  manufacture. 
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Lamps  J  and  K  are  of  English  origin.  Both  lamps  are  of  the 
same  design,  but  one  has  about  twice  the  lighting  value  of  the 
other,  though  their  actual  size  is  very  nearly  the  same.  Lamp  J 
may  be  considered  a  25-  and  lamp  K  a  50-candle-power  unit. 

In  table  VI  is  given  a  summary  of  the  efficiencies  of  these 
lamps  obtained  under  similar  conditions  to  those  given  for  the 
inverted  types,  and  in  table  VII  are  shown  the  results  of  the  50 
hours  maintenance  period  tests  similar  to  the  ones  cited  for  the 
inverted  lamps. 

TABLS  VI. 


Lamp 

Pressure 

Con- 
sump- 
tion 

Mean 
spherical 
candle- 
power 

Mean 
spherical 
candle- 
power 
per  cu.  ft. 

Lumens 

Lnmens 

per 

British 

thermal 

unit 

II 

2.0 

2.2S 

36-9 

16.18 

464 

O.320 

2-5 

2-39 

39-2 

16.40 

49  [ 

O.324 

3-5 

2.6o 

42.8 

16.46 

537 

0.325 

4-5 

3-15 

44-7 

14.19 

56r 

O.281 

I 

1-5 

2-15 

40.8 

18.98 

502 

O.385 

2.0 

2.31 

5'-3 

20.40 

644 

0.414 

2-5 

2.89 

55-2 

I9.IO 

693 

O.388 

3-5 

3-53 

59-5 

16.85 

746 

0.342 

4-5 

3-97 

64.0 

l6.I2 

803 

O.328 

J 

1.5 

0.94 

17.6 

18.70 

22r 

O.366 

2.0 

1. 12 

23.0 

20.50 

289 

O.402 

2-5 

1.26 

28.4 

22.50 

356 

O.440 

3-5 

1-52 

33-5 

22.00 

420 

0.430 

4-5 

1.70 

37-2 

21.90 

467 

O.428 

K 

i-5 

2.08 

28.5 

13  70 

357 

O.26S 

2.0 

2-45 

45-0 

18.36 

565 

O.360 

2-5 

2.86 

54-o 

18.87 

678 

O.370 

3-5 

3.38 

62.5 

18.48 

784 

O.362 

4-5 

3.78 

693 

18.33 

870 

0-359 

Here  again  is  encountered  the  same  tendency  of  the  smaller 
units  to  give  a  considerably  higher  efficiency  than  the  larger  ones. 
A  striking  comparison  is  shown  in  the  results  from  Lamps  J  and 
K.  These  two  lamps  are  identical  in  every  particular  of  design, 
but  the  small  unit  gives  a  20  per  cent,  higher  efficiency  than  the 
larger  one.  The  low  efficiency  of  lamp  H  is  due  in  a  great  part 
to  the  higher  absorption  by  the  mica  chimney. 

In  the  "maintenance"  period  test  some  remarkable  results  were 
obtained,  especially  with  lamps  J  and  K.  These  lamps  show  a 
positive  increase  in  both  candle-power  and  efficiency. 
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TABLE  VII. 
Before  test 


Lamp 

Con- 
sumption 

Mean 
spherical 
candle- 
power 

Mean 
spherical 
candle- 
power  per 
cu.  ft. 

Lumens 

Lumens  per 

British 

thermal 

unit 

H 

I 

2.28 
2.89 

36.9 
55-2 

16.18 
19.10 

464 
693 

O.320 
O.388 

J 

I.26 

28.4 

22.50 

356 

O.440 

K 

2.86 

54-o 

18.87 

67S 

O.370 

After  test 

of  50  hours 

Mean 
spherical 
Con-         candle- 
Lamp    sumption     power 

H 


b 


2.42 

2-39 
2.98 
2. 98 

i-3i 
2.92 
2.92 


33 
35 
54 
55 
29 
30 
55 
57 


Mean 
spherical 
candle- 
power  per 
cu.  ft. 

13.92 

14-93 
18.43 
18.48 
22.40 
23.10 
18.90 
19-57 


Lumens 
424 
448 
689 
691 
368 
379 
693 
718 


Lumens 

per 

British 

thermal 

unit 

O.287 

O.308 

O.361 

O.362 

0-454 
O.469 
O.370 
°-397 


Loss  in 
candle- 
power 

per 
cent. 

8.4 

3-2 

0.6 


a  before  cleaning. 


0.2 

+3-2 
+  6.3 

+2.2 

-r-5-9 
gain. 


Loss  in 

efficiency 

per 

cent. 

II-5 

3-8 
7.0 

6.7 
+3-2 
+6.6 
+3-8 
+7-3 


b  after  cleaning. 

The  question  of  mantles  again  enters  into  the  results.  The 
weights  of  the  mantles  with  which  these  upright  lamps  were 
equipped  are  given  below : 

Lamp     H  =     0.05500  grams  per  square  inch. 
Lamp     I    =     0.03624         "        "         "         " 
Lamp     J    =     0.06528         "        "         "         " 
Lamp     K  --     0.06380         "        "         "     .    " 

In  addition,  the  mantles  of  lamps  J  and  K  were  hardened  be- 
fore being  collodionized.  This  will  account  partly  for  the  in- 
crease in  candle-power  and  efficiency  during  the  first  fifty  hours. 

The  loss  due  to  dirty  glassware  is  only  about  60  per  cent,  of 
that  incurred  with  the  inverted  types. 

In  all  types  of  the  small  units  danger  due  to  the  breakage  of 
glassware  is  greatly  diminished  and  the  possibly  resultant  dam- 
age reduced.  The  increase  in  efficiency  means  a  decrease  in 
consumption  and  results  in  what  might  be  considered  a  cooler 
installation. 

Finally,  further  attention  should  be  paid  to  increasing  the 
number  of  sizes  of  lamps  available,  the  investigations  being  so 
directed  as  to  produce  higher  efficiencies  at  usual  gas  pressures. 
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DISCUSSION. 

Mr.  T.  J.  Litlc: — Mr.  Gilpin's  paper  is  the  most  complete  paper 
of  its  kind  I  have  ever  read.  But  in  comparing  the  particular 
small  units  with  the  large  ones  I  hardly  think  he  has  definitely 
proven  the  fact  that  the  small  units  will  necessarily  be  higher 
in  efficiency  than  the  large.  He  has,  however,  undoubtedly 
proven  that  the  small  units  he  selected  for  his  tests  were  very 
much  more  efficient  than  the  large  burners  which  he  selected. 
In  making  that  statement  I  refer  to  the  test  of  small  sized  in- 
verted lamps  as  compared  with  the  larger  size  of  lamps  with 
ratings  of  25  and  50  mean  spherical  candles  reflected. 

It  will  be  noted  too  in  this  paper  that,  apparently,  the  small 
units,  inverted  units,  were  mostly  of  the  stack  type.  It  is  con- 
ceded of  course  that  the  stack  type  of  burner,  as  applied  to  in- 
verted burners  particularly  is  more  efficient  than  the  non-stack 
type.  Recent  tests  of  the  stack  type  of  large  sized  units  show  a 
higher  efficiency  than  that  obtained  in   former  tests. 

The  statement  that  the  large  gas  units  can  be  rated  at  50 
mean  spherical  candle-power  can  probably  be  modified  to  read 
in  «in  60  to  70  mean  spherical  candle-power.  Recent  tests  that 
I  have  observed  have  indicated  as  high  as  71  mean  spherical 
candles  on  the  larger  types  of  burners. 

The  mesh  of  the  mantles  under  consideration  of  course  is  a 
very  important  factor.  Mantles  in  some  cases  are  particularly 
high  in  hydrogen  and  with  coal  gases  one  finds  that  a  great  deal 
larger  air  supply  is  necessary  than  in  the  combustion  of  other 
gases.  If  one  places  a  very  close  mesh  mantle  on  coal  gas,  the 
combustion  will  not  be  perfect.  In  other  words,  the  combus- 
tion will  be  impeded  and  the  character  of  the  naked  flame  will 
be  changed.  In  the  case  of  water  gas  being  used  on  the  same 
mantle,  the  efficiency  will  very  often  be  reversed,  the  only 
mechanical  difference  being  in  the  mesh  of  the  mantle.  In  these 
particular  tests  I  think  most  of  the  lamps  were  made  for 
coal  gas,  and  the  gas  used  on  the  test  was  a  mixture  of  coal 
and  water  gas,  so  that  an  exact  comparison  could  hardly  be  ob- 
tained in  that  way. 

The  mean  spherical  candle-power  of  lamp  P>  is  recorded  a>~ 
15;  while  the  mean  spherical  candle-power  of  lamp  F.  is  down 
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as  32.6.  The  gas  consumption  of  lamp  B  was  very  low,  and 
the  gas  consumption  lamp  B  was  greater.  It  may  have  hap- 
pened that  the  gas  orifice  on  burner  B  was  considerably  smaller 
than  it  should  have  been  for  the  kind  of  gas  used.  In  other 
words,  I  suspect  that  the  orifice  was  designed  for  the  use  of 
coal  gas  and  the  mixture  of  coal  and  water  gas,  having  greater 
gravity,  the  orifice  was  not  sufficiently  large  to  make  it  burn  to 
its  full  incandescence.  The  size  of  the  mantle  on  burner  B  I 
don't  think  is  stated,  while  the  efficiency  is  very  high. 

The  conclusions  that  are  deduced  in  the  paper  would  lead 
one  to  believe  that  the  small  mantle  was  necessarily  more  efficient 
than  the  large  one.  I  hardly  think  that  is  so.  However,  if 
exactly  the  same  mantle  in  each  case  is  used,  that  is  the  same 
mantle  structure,  the  mantle  designated  as  flash  mantle  when 
made  in  a  certain  way  can  be  expected  to  give  a  very  much 
higher  efficiency  than  the  stable  mantle  which  is  supplied  on  the 
American  market. 

I  would  like  to  ask  the  author  whether  in  determining  the 
performance  of  the  18  burners  of  a  large  size  the  heavy  mantles 
as  shown  were  used ;  I  suppose  they  were ;  and  whether  any  of 
the  lighter  mantles,  or  flash  type  mantles,  were  used  in  the 
same  test  to  determine  the  difference  between  the  flash  mantle 
and  the  heavy  mantle  shown. 

One  other  feature  of  mantles  has  not  been  mentioned ;  that  is 
the  value  of  the  light  emitted  from  the  interior  of  the  mantle.  I 
have  never  heard  that  point  discussed ;  but  undoubtedly  there 
is  some  light  emitted  from  the  interior  surface  of  the  mantle 
which  should  be  taken  into  consideration :  and  the  more  open 
the  mantle  is  left  the  more  of  that  light  it  seems  to  me  is  avail- 
able. I  frequently  notice  very  open  mesh  mantles  perform  very 
much  better  and  give  a  higher  efficiency  on  a  given  flame  than 
a  closer  mesh.  The  total  weight  of  ash  in  the  mantle  does  not 
necessarily  signify  its  performance  as  compared  with  lighter 
ash  mantles  unless  the  mesh  is  changed.  The  changing  of  both 
the  mesh  and  the  weight  of  ash  has  a  very  peculiar  effect  upon 
the  efficiency  of  the  mantle. 

I  would  like  to  mention  that  the  possibility  of  increasing  the 
efficiency  of  the  larger  burners  is  verv  great,   and  that  at  the 
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present  time  the  value  of  50  mean  spherical  candle-power  for 
the  large  or  standard  size  burner,  I  think,  is  a  little  low.  I 
can  state  that  the  stack  burner,  which  is  coining,  is  considerably 

higher. 

Mr.  F.  H.  Gilpin: — in  reply  to  Mr.  Litle  I  can  not  say 
whether  all  these  burners  were  designed  for  coal  or  water  or 
mixed  gas,  but  the  majority  of  them  gave  higher  efficiencies 
on  mixed  gas  than  on  coal  gas.  I  have  not  the  figures  with 
me  for  it,  but  if  I  remember  rightly,  there  was  only  one  of  the 
whole  set  that  gave  better  results  on  coal  gas  than  on  mixed  gas. 

In  regard  to  the  question  of  the  relative  size  of  lamps  B  and 
H :  lamp  15  has  a  considerably  smaller  mantle  than  lamp  E 
and  naturally  would  burn  much  less  gas,  though  it  give<  a 
higher  efficiency.  Neither  lamps  B  or  C  are  stack  lamps.  One 
of  them  gives  very  good  efficiency  and  one  very  poor :  whereas 
A,  E  and  F  are  stack  lamps  and  are  not  particularly  higher  in 
value  than  B  and  D.  Tests  have  been  made  using  a  flash 
mantle  and  what  might  be  called  a  standard  mantle.  In  some 
cases  the  mantles  were  not  the  same  shape  and  did  not  give 
very  good  comparative  results,  but  such  tests  have  been  made 
and  as  a  usual  rule  the  lighter  mantle  gives  the  higher  effi- 
ciency, though  sometimes  better  efficiencies  have  been  obtained 
with    the    heavier    mantles    than    with    the    lighter   mantles. 

In  this  comparison  of  the  flame  temperatures  of  the  two 
lamps  the  mantles  used  were  very  nearly  of  the  same  structure. 
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RECENT  DEVELOPMENTS  IN  THE  MANUFACTURE 
OF   INCANDESCENT   ELECTRIC    LAMPS.1 


BY    T.    E.    RANDALL. 


By  common  usage,  the  name  incandescent  electric  lamp  has 
been  limited  to  a  lamp  whose  light  source  is  the  glow  of  a  wire 
heated  in  vacuo  by  electric  current.  This  paper  will  not  use 
the  name  in  any  broader  sense. 

Incandescent  electric  lamps  may  be  divided  into  two  classes,  de- 
pending upon  whether  their  light-giving  elements,  that  is  their  fila- 
ments, are  made  of  carbon  or  of  metal.  At  present  the  best  ex- 
amples of  each  class  stand  rather  far  apart  both  in  appearance 
and  in  other  features,  although  both  are  designed  for  the  same 
service.     One  may  be  replaced  by  the  other  for  nearly  every  use. 

Lamps  with  carbon  filaments  have  been  supplied  without  any 
change  in  appearance  for  over  eleven  years.  Within  that  period 
one  notable  improvement  was  introduced,  namely,  the  metallized 
filament.  Among  the  lamps  with  metal  filaments,  there  has  been, 
within  the  last  five  years,  a  procession  of  developments  be- 
ginning with  the  osmium  filament,  the  tantalum  wire  filament,  the 
pressed  tungsten  filament,  and  ending  with  the  drawn  wire  tung- 
sten filament.  The  author  shall  attempt  to  briefly  review  the 
advances  that  have  been  made  in  the  quality  of  the  most  prom- 
inent members  of  the  two  classes. 

CARBON    FILAMENT    LAMPS. 

The  changes  in  quality  of  the  regular  carbon  filament  lamps  of 
all  standard  wattages  are  shown  in  the  subjoined  table.  Each 
year's  quality  is  shown  in  comparison  with  the  average  of  1902. 

Year 1902     1904     1906     1907     190S     1909     1910 

Per  cent,  of  1902  ..      100     98.4     96.9     96.9       100    103. 1    107.8 

A  sag  in  quality  is  indicated  from  1904  to  1907.  This  is  ac- 
counted for  by  the  larger  proportion  of  wattages  below  50  and 

1  A  paper  read  at  the  fifth  annual  convention  of  the  Illuminating  Engineering 
^Society.  Chicago,  September  25.  26,  29  and  2S,  1911. 
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above  ioo  that  were  produced  during  those  years.  The  large 
and  small  wattage  lamps  are  known  to  be  inferior  to  those  be- 
tween 50  and  100  watts.  Within  recent  years  the  production  of 
high  wattage  lamps  has  diminished  and  doubtless  will  decrease 
still  further.  The  proportion  of  low  wattage  lamps  has  been 
maintained  and  has  held  back  the  progress  of  average  quality  dur- 
ing the  last  three  years.  As  a  matter  of  fact,  nearly  every  wat- 
tage shows  a  substantial  improvement  within  the  eight  year 
period. 

No  changes  have  been  made  in  the  processes  of  manufacture. 
The  record  exhibits  the  results  of  systematically  following  each 
detail,  of  rigid  inspection,  of  thorough,  exact  and  extensive  tests, 
of  the  immediate  use  of  the  latest  developments  in  equipment  and 
the  unhesitating  discard  of  unsuitable  equipment,  and  of  the 
services  of  trained  operatives.  The  best  lamps  of  ten  years  ago 
were  as  good  as  the  best  of  the  present  year.  The  average  has 
arisen   due  to   the  elimination   of   defectives. 

The  metallized  carbon  filament  lamps,  which  are  known  as 
Gems,  have  made  the  advances  shown  by  the  following  record — 
Calling  the  product  of  1907  equal  to  100;  that  of  1908  is  I2r; 
that  of  1909  is  130;  that  of  the  past  year  is  133. 

All  conditions  favorable  to  advancement  of  the  regular  carbon 
filament  lamps  were  of  similar  assistance  to  the  Gems.  A  dis- 
covery in  connection  with  the  preparation  of  the  carbons  for  these 
lamps  resulted  in  a  decided  improvement  in  [909.  Heretofore, 
wattages  lower  than  50  have  not  been  made  successfully.  Re- 
am experiments  show  that  wattages  as  low  as  30  can  be  made. 

The  Gem  lamp  shows  a  sufficient  superiority  in  quality  over  the 
regular  carbon  filament  lamp  to  justify  its  more  extensive  use, 

METAL   FILAMENT   I.A.M  PS. 

As  the  developments  in  three  metal  filament  lamps  have  been 
rapid,  recent  and  thoroughly  published,  no  extended  description 
will  be  given  in  this  paper. 

The  osmium  lamp  marks  the  beginning  of  development  of  metal 
filament  lamps.  It  reached  a  successful  commercial  stage  in 
f'.urope.  Its  great  fragility  and  the  difficulties  met  in  fashioning 
the  filament  would,  no  doubt,  have  been  eliminated  had  its  devel- 
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opment  not  been  arrested  by  the  limited  supply  of  osmium  and 
by  the  advent  of  the  tungsten  filament. 

The  tantalum,  nearly  coeval  with  the  osmium,  was  handicapped 
neither  by  fragility  nor  meager  supply  of  metal.  It  is  worthy  of 
mention  as  an  example  of  an  article  upon  whose  production  years 
of  research  had  been  spent,  upon  whose  design  lavish  experiments 
had  been  made.  When  first  offered  to  the  public,  its  design  was 
finished  and  its  qualities  were  thoroughly  known.  The  inferior 
performance,  due  to  offsetting,  on  alternating  current  was  an- 
nounced at  the  time  the  lamp  was  announced.  The  mechanical 
weakening  of  the  tantalum  wire,  due  to  offsetting  when  kept  on 
alternating  current,  has  prevented  the  general  introduction  of  the 
tantalum  lamp  in  this  country. 

This  lamp,  however,  was  the  first  production  of  a  real  drawn 
wire  lamp  and  its  development  required  a  construction  of  the 
filament  supporting  element  different  from  any  that  had  been 
used  heretofore.  The  design  of  support  employed  in  the  tanta- 
lum lamp  has  been  followed,  with  slight  modifications,  in  the 
drawn  wire  tungsten  filament  lamp.  The  tantalum  lamp  cannot 
continue  to  compete  with  the  drawn  wire  tungsten  filament  lamp 
in  its  present  form. 

The  tungsten  filament  lamp  was  the  immediate  successor  of  the 
osmium  lamp.  The  superiority  of  tungsten  for  a  lamp  filament  was 
immediately  recognized  because  of  its  extremely  high  melting 
point  and  because  its  boiling  point  is  not  greatly  below  its  melting 
point.  The  brittleness  of  the  pressed  filament,  especially  when  it 
is  cool,  has  been  a  serious  drawback  to  the  general  use  of  the 
lamp.  The  attachment  of  the  filament  rigidly  to  the  circuit  con- 
nections and  to  the  intermediate  connections  between  the  filaments 
has  probably  been  the  chief  cause  for  filament  breakage  in  these 
lamps.  The  arced  joint,  while  it  was  perfect  electrically  and  me- 
chanically, held  the  filament  ends  rigidly.  Any  jar  to  the  lamp 
tended  to  make  the  filament  vibrate  and  usually  to  break  close  to 
the  joint.  The  schemes  that  were  devised  for  avoiding  this 
filament  breakage  were  legion,  but  the  author  believes  he  is  safe 
in  saying  that  the  loose  contact  at  the  bend  of  the  filament  with 
a  support  that  was  rigid  made  the  hardiest  lamp  of  the  pressed 
filament  type. 
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(  hne  of  the  most  successful  devices  for  preventing  the  breakage 
of  filaments  was  that  of  introducing  a  short  piece  of  piano  wire 
hit  ween  the  center  rod  and  the  stem  seal.  This  supported  the 
filament  structure  with  remarkable  flexibility  and  prevented  break- 
age from  blows  on  the  lamp  in  almost  any  direction.  A  slight 
blow  upon  the  base  of  the  lamp  was  invariably  fatal  and  this  one 
weak  feature  served  to  prevent  the  general  introduction  of  this 
method  of  support. 

The  pressed  tungsten  filament  is  not  ductile  when  cold,  no 
matter  by  what  process  it  may  have  been  produced.  Although 
pressed  filaments  have  been  made  that  could  be  bent  and  that 
would  take  a  permanent  set  if  bent,  these  filaments  were  not  truly 
ductile.  It  was  natural,  therefore,  that  immediate  effort  should 
be  made  to  develop  a  quality  of  tungsten  sufficiently  ductile  to 
be  wrought  into  the  form  of  wire.  There  was  nothing  to  pre- 
vent success  in  this  endeavor  except  lack  of  knowledge.  It  had 
been  demonstrated  that  tantalum,  which  had  been  known  as  an 
extremely  brittle  metal,  could  be  so  improved  in  purity  that  it 
would  be  ductile.  This  knowledge  would  naturally  lead  to  the 
belief  that  many  of  the  metals  which  had  been  considered  as 
non-ductile  could,  if  properly  prepared,  be  made  into  ductile  form. 
An  epitome  of  the  progress  in  developing  ductile  tungsten  will 
read  something  like  this : 

In  1907  it  was  hoped  that  it  would  be  possible  to  produce  duc- 
tile tungsten  ;  in  1908  it  was  believed  that  it  would  be  possible  to 
produce  ductile  tungsten  :  in  1909  experimenters  were  sure  that 
ductile  tungsten  could  be  produced:  in  iqio  it  had  been  proven 
rid  doubt  that  ductile  tungsten  could  be  produced;  in  191 1 
ductile  tungsten  was  produced  on  an  extensive  commercial  scale. 

It  is  generally  believed  that  the  presence  of  carbon  in  tungsten 
is  the  cause  of  its  brittleness.  One  well  known  process  for  mak- 
ing pressed  tungsten  filaments  does  not  involve  the  use  of  car- 
bon, yet  filaments  produced  by  this  process  are  as  brittle  as  are 
filaments  made  by  the  use  of  carbon.  As  a  matter  of  fact,  the 
l>e-t  pressed  tungsten  filament-  have  been  those  made  by  processes 
involving  the  use  of  carbon,  yet  they  contain  an  amount  of  car- 
nail  that  it  can  only  be  detected  by  the  most  delicate 
For  instance,  filaments  which  are  known  to  contain  less 
''-"an  0.005  per  cent,  carbon  are  no  more  ductile  than  those  which 
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are  found  to  contain  o.i  per  cent.  The  elimination  of  carbon 
tended  to  reduce  the  length  shrinkage  of  filaments  when  lamps 
were  burned.  It  will  be  recalled  that  filaments  produced 
in  1908  and  1909  sagged  excessively  and  that  the  filaments  often 
short-circuited  due  to  this  sag.  -The  slack  producing  this  sag 
was  necessary  because  of  the  filament  shrinkage-  During  the 
year  1909  decided  improvements  were  made  in  this  respect,  and 
the  basis  of  these  improvements  was  the  more  complete  elemina- 
tion  of  carbon  from  the  tungsten  filament. 

The  progress  during  1909  and  1910  did  not  indicate  a  material 
decrease  in  the  fragility  of  the  pressed  filament. 

It  was  evident,  therefore,  that  to  make  the  tungsten  filament 
lamp  a  universal  lamp,  it  would  be  necessary  to  have  the  fila- 
ment in  the  form  of  wire  which  was  sufficiently  ductile  to  be 
wound,  when  cold,  upon  a  spider  structure.  The  drawn  tungsten 
wire  has  met  this  need.  While  the  wire  before  being  placed  in 
the  lamp  is  amply  ductile  for  the  purpose  of  winding  upon  the 
spider  and  for  all  other  manipulations  needed  in  making  the  lamp, 
it  loses  much  of  this  ductility  when  current  is  passed  through  it 
in  a  vacuum.  The  method  of  supporting  the  wire  on  the  spider 
and  of  attaching  it  to  the  circuit  terminals  are,  therefore,  im- 
portant factors  in  the  hardiness  of  the  lamp. 

The  wire  may  be  considered  to  consist  of  pure  tungsten.  Chemi- 
cal analysis  does  not  find  other  elements.  The  ratio  of  resistance 
hot  to  resistance  cold  is  as  high  as  can  be  found  in  any  other  form 
of  the  metal.  The  specific  gravity  is  higher  than  that  found 
for  the  pressed  filament.  The  current  and  the  candle-power 
peaks  are  low. 

The  structure  of  the  metal  appears  to  be  fibrous.  It  changes  to 
the  crystalline  form  during  the  burning  life  of  the  lamp.  This 
change  may  occur  in  some  portions  of  a  filament  and  not  in 
others.  Frequently,  after  the  full  burning  life,  small  sections  of 
filaments  will  be  found  that  show  ductility. 

Tests  indicate  that  the  wire  is  less  brittle  at  every  stage  in  the 
life  of  a  lamp  than  are  pressed  filaments.  There  is  no  offsetting. 
either  on  direct  or  alternating  current.  The  surface  is  the  same 
in  appearance,  after  the  lamp  has  been  burned,  as  that  of  a  pressed 
filament.  It  looks  as  if  the  wire  had  been  cracked  into  irregular 
-pieces  and  as  if  a  cement  of  the  same  material  had  filled  up  the 
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cracks.  No  fissures  at  the  surface  and  no  cavities  in  the  body 
have  been  found. 

While  the  wire,  before  being  placed  into  the  lamp,  may  be 
ranked  with  the  toughest  steel  in  tensile  strength,  ductility  and 
elasticity,  the  decay  of  these  properties  after  it  is  in  the  lamp 
makes  it  necessary  to  handle  these  lamps  with  reasonable  care 
in  order  to  prevent  breakage.  Breakage  in  transportation  and 
handling  compares  with  that  for  carbon  filament  lamps.  Opera- 
tives in  the  lamp  factories  transfer  lamps  having  wire  filaments 
from  operation  to  operation  the  same  as  if  they  had  carbon  fila- 
ments- 

Another  feature  in  which  the  drawn  wire  is  superior  is  the 
wide  range  of  sizes  suitable  for  use.  A  piece  of  wire  may  be 
drawn  to  a  size  suitable  for  a  6.6  amperes  series  burning  lamp 
or  it  may  be  drawn  to  a  size  suitable  for  a  20-watt,  no-volt  mul- 
tiple lamp.  It  will,  when  drawn  to  the  proper  diameter,  be  equally 
satisfactory  for  the  largest  or  the  smallest  lamp.  In  addition, 
the  wire  may  be  shaped  into  helices,  spirals  or  zig-zags ;  thereby 
concentrating  the  light-giving  element  into  a  small  volume.  The 
latest  automobile  lamp  is  an  example. 

The  number  of  contacts  between  the  filament  and  support-. 
including  terminals,  as  well  as  the  size  and  material  of  these  sup- 
ports, will  affect  the  performance  and  physical  hardiness  of  a 
lamp. 

The  following  results  were  secured  from  three  series  of  tests 
in  each  of  which  more  than  300  drawn  wire  tungsten  filament 
Limps   were   used: 

No.  of  contacts 11  13  1.5 

Comparative  strength,  by  pendulum  test — 

Copper 91.5  100  96.5 

Molybdenum •  •  93.0 

Comparative  performance  at  normal  efficiency  — 

Copper 99.4  100  96. 1 

Comparative  life  at  extreme  temperature 

Copper 107.0  100  87 

Molybdenum ■  •  103 

The  lamp-  were  standard  in  voltage  and  all  were  40  watt-.  They 
were  identical  except  in  the  number  of  filament  contacts.     The 
'-  of  the  fir-t  and  second  tests  confirm  one  another  in  indicat- 
ing that  13  contacts  are  most  satisfactory. 
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While  no  record  is  shown  for  molybdenum  support  lamps  at 
normal  efficiency,  such  lamps  were  tested,  but  their  performance 
was  much  more  poorer  than  the  corresponding  copper  support 
lamps. 

The  comparative  lives  at  extreme  temperature  show  that  11 
contacts  are  better  than  13  and  that  13  are  better  than  15-  Also 
that  15  molybdenum  contacts  are  better  than  13  copper,  but  in- 
ferior to  11  copper.  These  results  are  not  in  consonance  with 
the  results  at  normal  efficiency.  It  is  reasonable  to  believe  that 
tests  at,  or  near,  normal  efficiency  indicate  more  accurately  the 
behavior  of  lamps  in  service  than  do  those  at  high  temperatures. 
It  has  been  observed  that  the  wire  in  lamps  burned  out  when  at 
high  temperature  remains  more  ductile  than  the  wire  in  lamps 
burned  out  at  normal  temperatures.  The  early  failure  of  15  con- 
tact lamps  would  not  be  explained  by  mechanical  weakness.  The 
wires  usually  "burned  out,"  or  melted,  between  the  supports.  The 
melting  of  the  wire  at  the  point  of  highest  temperature  has  really 
controlled  the  life  record  of  this  test.  The  diameter  of  all  copper 
supports  was  the  same.  The  diameter  of  the  molybdenum  was 
40  per  cent,  of  that  of  the  copper.  Supports  of  copper  having 
diameters  30  per  cent,  smaller  and  30  per  cent,  larger  than  the 
size  used  in  the  above  tests  both  showed  a  lower  strength  by 
pendulum  test.  The  author  cannot  explain  why  this  should  be  so, 
but  the  tests  were  convincing. 

Having  traced  recent  developments  up  to  the  latest,  it  may  not 
be  amiss  to  consider  the  future.  If  the  progress  in  lamp  develop- 
ment may  be  gaged  by  the  highest  filament  temperature  at 
which  each  new  lamp  will  show  a  given  performance,  one  has  a 
rational  measure.  For  example,  if  90  per  cent,  of  the  theoretical 
candle-power  hours  are  developed  in  1,000  hours  burning,  candle 
maintenance  and  mortality  both  considered,  the  advance  from  the 
raw  carbon  filament  lamp  to  the  tungsten  filament  lamp  will  show 
something  as  follows : 

Raw  carbon  filament  lamp  (cellulose  carbon) 100 

Treated  carbon  filament  lamp ng 

Metallized  carbon  filament  lamp 149 

Tantalum  filament  lamp 206 

Osmium  filament  lamp 270 

Tungsten  filament  lamp 359 

This  comparison  excludes  many  items,  such  as  process  diffi- 
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culties,  lack  of  wattage  range,  lack  of  voltage  range,  lack  of  suit- 
ability for  both  alternating  and  direct  current,  cost,  etc.,  which 
affect  commercial  values.  It  is  not  a  comparison  of  commercial 
values,  although  it  is  a  comparison  of  the  most  important  element 
in  commercial  values,  namely,  the  energy  wasted  in  doing  equal 
work. 

The  change  introduced  by  the  metal  filament  lamp  is  note- 
worthy. Can  carbon,  with  its  many  good  qualities,  reach  or  pass 
the  record  set  by  metals  ?  The  carbon  deposited  upon  the  treated 
carbon  filament,  when  metallized,  is  dense,  somewhat  flexible, 
has  a  low  vapor  tension,  has  a  fine  quality  of  surface  and  has  a 
cold  specific  resistance  that  is  about  4  per  cent,  of  carbon  made 
from  cellulose.  All  these  qualities  are  favorable-  Their  further 
development  may  again  place  carbon  in  the  race 

DISCUSSION. 

Mr.  J.  IV.  Howell: — I  am  sorry  Mr.  Randall  gave  the  figures 
at  the  bottom  of  the  first  page  of  his  paper  just  as  he  did,  be- 
cause those  figures  represent  a  combination  of  quality  with 
quantity  which  T  think  is  not  a  proper  way  to  consider  lamps; 
and  when  we  remember  that  such  tables  and  figures  are  very 
apt  to  be  copied  by  the  technical  press,  or  other  papers,  without 
the  full  explanation  which  follow-  in  this  case,  we  ought  to  be 
careful  not  to  present  them  in  a  way  that  they  may  be  copied 
disadvantageous^-. 

The  figure-  on  the  last  page  of  Mr.  Randall's  paper  also,  I 
think,  are  misleading.  Those  figures  represent,  as  Mr.  Randall 
very  properly  states,  the  energy  wasted  or  the  energy  used  by  the 
different  lamps  in  doing  th  •  same  amount  of  work.  Now.  the 
energy  which  is  used  or  wasted  by  any  lamp  depend-  upon  its 
efficiency  and,  therefore,  a  comparison  between  lamp-  in  which 
one  wishes  to  -how  the  energv  used  in  doing  a  given  amount 
of  work  should  be  made  at  the  proper  efficiency  for  each  lamp. 
That  has  not  been  done  in  this  case.  The  lamps  in  this  case 
are  operated  so  as  to  last  a  thousand  hours.  While  that  i-  prob- 
ably the  proper  life  for  the  tungsten  lamp,  it  i-  not  the  proper 
life  for  the  carbon  lamp.  Therefore,  for  the  carbon  lamp  it  is 
poorer,  while  for  the  tungsten  lamp  it   is  the  proper  efficiency. 

.The  comparison,  as  Mr.  Randall  states,  is  a  comparison  which 
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cioes  not  include  the  cost  of  either  the  current  or  the 
lamps.  A  proper  comparison  of  carbon  and  tungsten  lamps, 
must  include  the  cost  of  current  as  well  as  the  cost  of 
the  lamps,  because  it  depends  absolutely  on  the  cost.  Of 
course,  a  tungsten  lamp  has  a  value  due  to  its  color,  but  the 
greatest  advantage  is  its  economy  of  operation  and  this  depends 
on  the  cost  of  current,  and  also  on  the  cost  of  the  lamp.  If 
the  current  cost  nothing  nobody  would  buy  the  tungsten  lamp 
at  the  present  price;  if  lamps  cost  nothing  nobody  would  use 
carbon  lamps.  To  properly  compare  lamps  each  lamp  must 
first  be  placed  under  proper  conditions.  We  must  assume  con- 
ditions of  cost  of  current  and  of  cost  of  lamps;  and  for  each 
of  these  get  the  maximum  economical  operation  of  the  two 
types  of  lamps.     Then  they  may  be  compared. 

Mr.  Randall  has  told  us  about  the  advent  of  the  drawn  tung- 
sten wire  lamp.  He  has  not  told  us,  however,  which  is  prob- 
ably a  fact,  that  all  tungsten  lamps  to-day  are  made  with  the 
drawn  wire  filaments.  'The  pressed  tungsten  filament  has  passed 
away.  At  the  General  Electric  Company,  with  which  I  am  as- 
sociated, the  pressed  filament  is  no  longer  made. 

Mr.  Randall  has  cited  some  of  the  advantages  of  the  drawn 
wire  filament.  But,  I  think,  he  has  not  said  enough  about  it. 
He  mentions  its  strongness  and  its  ruggedness ;  but  he  has  not 
said  anything  about  some  of  the  other  qualities  which  it  has 
which  are  very  important.  For  instance,  it  is  made  in  one  piece ; 
instead  of  being  made  of  four  or  five  pieces.  Also,  it  is  stiffer 
at  a  given  efficiency  than  is  the  pressed  tungsten  filament.  We 
don't  know  any  reason  why  it  should  be  so,  but  it  is  a  fact  that 
at  the  same  efficiency  the  drawn  wire  tungsten  filament  is  stiffer 
than  the  pressed  filament.  The  effect  of  this  is  noticeable  when 
lamps  are  burned  with  their  points  upward.  A  pressed  filament 
will  become  soft  and  sag  downward ;  the  two  sides  will  ap- 
proach each  other  and  very  often  a  little  jar  will  cause  them  to 
over  lap.  This  is  observed  in  the  drawn  wire  filament  very 
much  less  than  in  the  other ;  in  fact,  practically  not  at  all. 
Then,  there  is  another  advantage  in  the  drawn  wire  filaments 
which  Mr.  Randall  has  not  mentioned,  and  that  is  the  fact  that 
they  have  only  two  heat  conducting  contracts,  as  one  might  say. 
The  two  ends  of  the  drawn  wire  filament  are  fastened  securely  to 
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leading-in  wires;  those  joints  conduct  heat.  The  filament  sim- 
ply hangs  loosely  on  the  other  support-,  so  the  heat  contact  is 
very  poor  and  comparatively  little  heat  is  conducted  away  from 
the  filament  and  lost;  whereas  in  the  pressed  filament  each  end 
of  each  loop,  and  there  are  usually  four  or  five  or  six  loop-. 
1-  -oldered  rigidly,  making'  it  a  conducting  joint  which  carries 
away  a  great  deal  of  heat.  This  heat  conducted  away  from  the 
filament  by  the  supporting  wires  of  the  pressed  metal  filament 
has  been  the  cause  of  a  good  deal  of  trouble  in  high  candle- 
power  lamps  where  the  filament  was.  of  considerable  diameter. 
The  avoidance  of  this  loss  in  the  drawn  wire  lamp  has  caused 
very  considerable  improyements  in  the  large  lamps.  The  high 
candle-power  lamps  are  made  of  drawn  wire. 

1  wish  to  state  here  that  these  large  sized  tungsten  filament 
drawn  wire  lamps  are  very  much  better  in  quality  than  were 
the  old  pressed  filament  lamps  of  the  same  size.  Further  than 
that  they  are  being  improved  very  rapidly  at  the  present  time, 
and  I  venture  to  state  that  within  a  few  month-  from  now  they 
will  be  very  much  better  than  they  are  to-day.  I  see  the  great- 
est  value  to  the  art  of  lighting  in  these  large  sized  tungsten  drawn 
wire  filament  lamps,  and  I  hope  that  the  illuminating  engineers 
here  will  keep  themselves  acquainted  with  the  various  changes 
1km ng  made  in  the  art  of  making  high  candle-power  lamps. 

I  think  also  that  Mr.  Randall  dismissed  the  Gem  or  metallized 
filament  lamp  with  rather  too  little  notice.  Tie  -ays  it  deserves 
more  general  use.  So  it  does,  and  very  much  more  general  use. 
There  is  very  little  difference  in  the  price  between  carbon  fila- 
ment lamps  and  metallized  filament  lamps.  1  think  the  difference 
is  not  oyer  ten  per  cent.  The  improvement  in  quality  which  Mr. 
Randall  speaks  of  as  haying  been  made  in  [909  and  1910  i-  caused 
not  by  the  inherent  quality  of  the  lamp  as  a  lamp  but  in  the  re- 
duction of  the  number  of  lamps  which  break  early  in  their  lives. 
This  was  the  serious  trouble  with  Gem  lamps  in  the  early  years 
of  their  use,  and  it  was  a  very  annoying  trouble.  Lamps  which 
break  early  are  appreciated  by  every  user;  they  are  noticed,  and  it 
i-  the  elimination  of  those  early  breaking  lamps  which  has  caused 
the  general  quality  or  general  usefulness  of  the  Gem  lamp  to  be 
considerably  increased  as  Mr.  Randall  -how-.  When  one  con- 
sider- that  the  Gem  lamp  i-  about  three  times  as  good  intrinsi- 
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cally  at  any  given  efficiency,  that  is  three  times  as  long  lived  as 
the  carbon  lamp,  why  do  people  buy  carbon  lamps  when  they 
are  only  about  ten  per  cent,  cheaper  than  the  Gem  lamps? 

In  speaking  to  illuminating  engineers  I  want  to  deplore  one 
fact  which  exists  to-day,  and  that  is  the  continued  manufacture 
and  sale  of  large  carbon  and  Gem  lamps  because  they  are  ordered. 
These  lamps  as  high  as  fifty  candle-power  are  made  to-day;  but 
they  should  not  be  made  and  sold  to-day ;  they  are  back-num- 
bers. A  tungsten  lamp  of  the  same  candle-power  is  so  very 
much  better  in  every  respect  that  it  seems  to  me  the  wrong  prac- 
tise for  anybody  to  use  a  large  carbon  lamp,  and  I  hope  that  you 
illuminating  engineers  will  discourage  the  use  of  these  large 
current  consumers  as  much  as  you  can. 

Mr.  G.  C.  Webster:— By  way  of  comment  on  Mr.  Randall's 
paper,  I  would  like  to  call  attention  to  the  pronounced  slump  in 
lamp  quality  during  the  years  1904  and  1905.  This  decline  of 
quality,  I  am  convinced,  was  largely  due  to  ruinous  price-cutting, 
the  natural  result  of  which  was  to  cheapen  the  product.  Those 
of  us  who  have  had  the  experience  of  facing  a  pay-roll  with  in- 
adequate funds  in  the  bank  know  onlv  too  well  the  effects 
upon  quality  of  such  enforced  economy. 

It  should  be  indelibly  impressed  upon  the  minds  of  illuminat- 
ing engineers  that  where  quality  and  service  are  desired  a  fair 
profit  must  be  allowed  the  manufacturer.  The  saving  of  a  few 
cents  on  the  initial  cost  of  a  lamp  or  a  reflector  seldom  results 
economically  in  the  long  run. 

While  to  many  the  figures  given  may  have  been  cold  and 
meaningless,  fifteen  years  of  experience  have  substantiated  my 
conviction  that  destructive  competition  was  largely  responsible 
for  the  poor  quality :  on  the  other  hand,  I  am  equally  positive  that 
the  high  grade  of  lamps  to-dav  is  due  to  the  fact  that  the  manu- 
facturer is  allowing  a  small  amount  of  the  profit  per  lamp  each 
year  for  lamp  development.  It  is  the  assurance  of  a  conserva- 
tive but  safe  margin  of  profit  that  has  brought  about  the  perfec- 
tion of  the  tungsten  lamp  and  has  made  the  high  efficiency  lamp  a 
commercial  possibility. 

Mr.  Geo.  H.  Jones: — The  manufacture  of  incandescent  lamps 
has  always  been  very  interesting  to  me,  especially  so  in  view 
of  the  fact  that  an  article  requiring  such  skill  in  its  production 
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can  be  manufactured  and  sold  at  about  the  same  price  as  that 
charged  for  an  ordinary  lamp  chimney.  The  great  improve- 
ments which  have  been  made  from  time  to  time  in  the  incandes- 
cent lamp  have  been  of  much  importance  to  both  consumers  and 
central  station  companies.  Three  or  four  years  ago  there  was 
considerable  apprehension  in  some  quarters  as  to  the  effect  the 
introduction  of  the  modern  high  efficiency  lamp  would  have  on 
the  central  station  business.  The  central  station  people  in  Chi- 
cago have  always  adopted  lamps  of  the  highest  efficiency  obtain- 
able and  will  gladly  welcome  any  improvements  which  the  future 
may  bring  forth.  They  have  always  maintained  the  position 
that  changes  from  the  use  of  low  efficiency  to  high  efficiency 
lamps  would  be  made  gradually,  so  that  the  situation  would  auto- 
matically adjust  itself  to  the  new  conditions.  Furthermore,  we 
have  felt  that  the  use  of  high  efficiency  lamps  in  the  lon<r  run 
would  even  increase  the  consumption  due  to  the  desire  on  the  part 
of  the  public  for  more  light.  1  have  prepared  a  few  figures  along 
this  line  to  show  the  actual  results  from  experience.  The  data 
covers  the  month  of  October  for  the  years  1908,  1909,  and  1910. 
and  is  as  follows : 

October  Data. 
Kilowatt  hours  per  customer. 

1908  1909  1910 

Flats 16  17  18.5 

Houses  .  ■ 30  32  33 

Small  stores 46  48  79 

These  figures  show  a  steady  increase  in  consumption  per  cus- 
tomer, in  spite  of  the  introduction  of  high  efficiency  lamps. 
This  increase  is  undoubtedly  in  part  accounted  for  by  the  in- 
creased use  of  appliances  of  various  kinds,  and  is  also  accounted 
for  by  the  more  liberal  use  of  light.  The  showing  in  the  case 
of  the  >mall  -tore-  is  truly  remarkable,  but  it  is  correct,  as  other 
months  of  the  years  in  question  show  the  same  increase.  Part 
of  this  increase  is  probably  due  to  the  fact  that  formerly  some 
of  the  smaller  merchants  used  electricity  for  a  part  of  their  in- 
stallation, such  as  in  show-windows  and  offices,  and  other  il- 
luminants  in  other  parts  of  the  store.  These  merchants  are  now 
using  electricity  exclusively. 

Mr.  P.  S.   Millar: — On  the   Ixjttom   of  the   first   page  of   the 


(>5-'         TRANSACTIONS  OF   ILLUMINATING  ENGINEERING   SOCIETY 

paper  appears  a  table  showing  fluctuations  in  the  values  of  car- 
bon lamps.  It  seems  to  me  that  Mr.  Randall  as  a  manufacturer's 
representative  has  been  modest  in  putting  things  in  that  way. 
Some  time  ago  I  had  occasion  to  arrive  at  a  generalization  of 
that  kind  and  from  a  study  of  the  records  I  concluded  that  the 
improvement  in  carbon  filament  lamps  during  the  past  ten  years 
class  for  class,  might  well  be  stated  as  from  fifteen  to  twenty  per 
cent. 

I  have  had  occasion  to  study  Gem  lamps  in  the  last  four  or 
five  years  very  carefully  in  the  interest  of  purchasers.  The 
standard  against  which  the  Gem  lamp  must  of  necessity  be  com- 
pared is  the  older  carbon  filament  which  has  rendered  such  satis- 
factory service  in  general  lighting.  During  the  past  year  for  the 
first  time  large  purchasers  came  to  the  conclusion  that  the  Gem 
lamp  maintained  that  standard  and  exceeded  it.  Prior  to  tiiat 
time  there  was  some  difficulty  with  the  Gem  lamp  chiefly  in  the 
nature  of  early  burn-outs  and  the  very  low  degree  of  uniformity. 

In  regard  to  the  new  drawn  wire  lamps,  the  change  which 
has  taken  place  in  some  sizes  as  to  the  location  of  the  center 
light  source,  or  the  length  of  the  filament's  cylinder,  or  the 
diameter  of  that  cylinder,  has  altered  light  distribution  curves 
as  has  been  pointed  out  in  discussion.  In  tests  of  reflectors  it 
has  been  very  important,  of  course,  to  secure  the  standard  lamp, 
and  in  all  testing  work  at  the  Electrical  Testing  Laboratories 
effort  has  been  made  to  keep  in  the  very  closest  touch  with  the 
manufacturers  and  with  their  standardization  committee,  and 
to  secure  for  test  purposes  lamps  which  conform  substantially 
to  the  latest  standardization. 

Referring  to  Mr.  Jones'  statements,  I  think  that  we  as  a  society 
ought  to  recognize  the  progressive  attitude  of  central  stations 
such  as  the  Commonwealth  Edison  Company  who  have  placed 
tungsten  lamps  in  the  hands  of  their  customers  under  the  most 
attractive  terms,  standing  ready  at  all  times  to  sell  lamps  to  their 
customers  at  prices  which  are  below  even  their  own  cost  price, 
and  not  only  that  but  urging  the  use  of  tungsten  lamps  on  the 
part  of  their  customers.  It  is  that  attitude  of  the  central  sta- 
tions which  in  a  very  large  part  has  introduced  the  tungsten 
lamp  against  some  inertia  and  reluctance  on  the  part  of  the 
consumers  as  a  whole. 
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J/r.  //'.  /•'.  Little: — To  indicate  the  ruggedness  or  filament 
strength  of  tungsten  lamps,  a  device  as  shown  in  the  accompany- 
ing illustration  has  been  constructed  by  the  Electrical  Testing 
Laboratories.  The  arm  upon  which  the  lamp  is  mounted  is 
brought  to  a  constant  position  by  each  revolution  of  a  small  cam. 
and  is  allowed  to  drop  freely  from  this  position  upon  a  second 
cam  constructed  according  to  the  principle  of  the  spiral.  The 
drop  increases  from  1/100  of  an  inch  at  the  start  to  four  inches 
maximum,  having  a  constant  increment  of  1/100  inch  per  revo- 
lution. The  fall  at  which  the  filament  breaks  is  indicated  di- 
rectly upon  a  dial  in  hundredths  of  an  inch  by  a  pointer  attached 
to  the  large  cam.  A  delicate  relay  in  series  with  the  lamp  fila- 
ment and  three  dry  cells  indicates  the  breakage  of  the  filament 
and  at  the  same  time  serves  to  stop  the  motor.     The  resistance- 


Fig,  i.— Apparatus  for  testing  the  ruggedness  of  tungsten  '.amp  filaments. 

of  the  relay   and  lamp  combined  is  approximately   2.600  ohms, 

while  the   voltage   applied   is   about   4  volts.     Thus   the   current 

flowing  through  the  filament  is  less  than  0.002  of  an  ampere,  or 

not  sufficient  to  materiallv  rai-e  the  filament's  temperature, 

\  demonstration  showing  the  superior  ruggedness  <>t'  the  new 

tungsten  filament  over  the  old  was  made  with  the  full  iwing 

Its: 

Old  type  tungsten  filament  New  type  tungsten  filament 

25-watt  lamp 0.06  in.  3.75  in. 

60-watt  lamp 1. 15  in.  A  fall  of  four  inches  failed 

to  break  the  filament. 

A  carbon   lamp   remained    intact   throughout   the   maximum    fall. 
Mr.    T.    .].    .Ullrich: — I     speak     on     this    subject    a-    a    non- 
technical  member,    or   one    who    ha-    put    into    use   the    different 
makes  of  lamp-  a-  used  to-day.      I   should  like  to  say  what  the 
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tungsten  lamp  has  done  for  the  company  I  am  with,  the  In- 
ternational Harvester  Company.  Two  and  one  half  years  ago 
we  started  to  find  what  was  the  best  illuminant  of  the  various 
types  of  lamps  then  in  use  for  our  different  factories  and  offices. 
We  made  quite  a  complete  test,  including  tungsten  lamps.  We 
put  the  tungsten  lamps  through  some  very  severe  tests  through- 
out our  works,  and  they  turned  out  so  satisfactorily  that  we  de- 
cided to  use  them  almost  exclusively.  At  present  we  have  be- 
tween twelve  and  thirteen  thousand  tungsten  lamps  in  use.  The 
majority  of  them  are  installed  in  single  units,  and  the  balance  of 
them  are  in  clusters  of  four.  Instead  of  getting  a  thousand 
hours,  the  guaranteed  life,  out  of  the  ioo  and  150- 
watt  sizes,  we  are  getting  an  average  of  from  fifteen  to 
eighteen  hundred  hours  throughout  our  works  and  offices.  We 
have  trip  hammers  on  some  of  the  floors  above  these  lamps  in 
some  of  our  works ;  but  they  still  stand  the  racket.  We  have 
very  nearly  come  to  the  conclusion  that,  neglecting  the  high  ceil- 
ings in  our  steel  mills  and  foundries,  they  are  the  most  satis- 
factory illuminants  we  might  install. 

Mr.  Norman  Macbeth: — There  is  just  one  point  I  desire  to 
cover  in  the  discussion  on  this  paper.  On  the  fifth  page  of  the 
paper  is  the  statement  "That  to  make  the  tungsten  filament  lamp 
the  universal  lamp,  it  would  be  necessary  to  have  the  filament  of  a 
wire  which  was  sufficiently  ductile  to  be  wound  when  cold,  upon 
a  spider  structure."  This  point  of  sufficient  ductility  to  be 
wound  when  cold,  is  merely  a  manufacturing  detail  and  is  not 
the  important  point  of  advantage  in  the  tungsten  lamp  having  a 
filament  in  the  form  of  a  wire.  The  advantage,  and  I  believe  it 
will  be  generally  admitted  by  those  familiar  with  the  develop- 
ment of  these  lamps,  considered  as  a  lamp  from  the  standpoint 
of  the  consumer,  is  due  more  largely  to  the  continuous  filament 
construction  now  used  by  the  manufacturers  in  the  drawn 
wire  lamp. 

The  fused  type  lamp  had  so  many  weak  points  inherent  to  that 
type  of  construction,  that  had  any  other  lamp  of  equal  efficiency 
of  light  production  been  available  in  sufficient  quantities  com- 
mercially, the  manufacturers  of  the  fused  type  lamp  would  have 
been  driven  earlier  to  the  later  improvements  now  available 
through  the  tungsten  drawn  wire. 
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The  pressed  filament  in  short  lengths,  formed  like  hair  pins 
with  four  or  more  separate  pieces  of  filament  in  each  lamp, 
pieces  which  frequently  varied  in  diameter  and  resistance,  re- 
sulted in  a  construction  far  from  satisfactory.  The  ultimate 
value  of  the  lamp  depended  upon  the  weakest  link,  and  a  differ- 
ence in  filament  diameter  of  0.00001  of  an  inch  with  a  corres- 
ponding difference  in  resistance,  would  be  sufficient  to  shorten  the 
life  of  a  lamp  one  third.  This  difference  is  susceptible  t>>  very 
exact  electrical  measurement,  and  as  a  laboratory  proposition 
would  not  be  serious;  but  when  applied  to  factory  production 
mistakes  were  not  unusual  with  the  result  with  which  we  are  all 
familiar. 

My  personal  observations  of  the  25-watt  fused  type  lamps  of 
but  a  couple  of  years  ago  showed  such  unsatisfactory  perform- 
ance that  dealers  were  forced  to  discontinue  their  use  and  return 
them  in  quantities  to  the  manufacturers  for  credit.  The  con- 
tinuous filament  construction  has  resulted  in  such  a  considerable 
improvement  in  tungsten  lamps  that  the  25-watt  sizes  are  being 
used  to-day  in  some  localities  in  street  car  work,  and  T  also 
understand  that  they  are  satisfactorily  meeting  the  service  con- 
ditions in  some  of  the  New  York  subway  cars.  Of  course,  the 
latter  conditions  may  not  be  so  severe  as  on  the  surface  road,  in- 
asmuch as  the  lamps  are  on  during  practically  all  of  the  running 
time.  The  lamps  of  the  continuous  filament  construction,  to 
which  I  refer,  were  tungsten  but  were  not  of  drawn  wire. 

A  filament  of  drawn  wire  did  not  save  the  tantalum  lamp,  and 
that  is  the  one  important  point  I  want  to  emphasize.  The  enor- 
mous advantage  of  the  drawn  wire  tungsten  lamp  over  the  fused 
type  is  not  due  to  the  drawn  wire  as  a  wire  but  to  the  type  of 
instruction  which  it  permits — the  continuous  one  piece  filament. 

There  is  just  one  other  point  I  wish  to  touch  upon  which  was 
brought  out  by  one  of  the  previous  speakers,  who  I  understand 
claimed  an  advantage  for  the  shorter  spider  and  increased  num- 
ber of  anchors  now  used  by  some  manufacturers  in  the  drawn 
wire  lamp.  There  is  room  for  a  difference  of  opinion  on  this 
point.  The  loss  through  the  conduction  of  heat  away  from  the 
filament  through  the  additional  anchor  wires  results  at  any  rate 
in  a  lamp  of  less  usefulness  than  an  otherwise  similar  lamp  hav- 
ing a  fewer  number  of  anchors. 
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Mr.  F.  A.  Vaughn: — I  wish  to  draw  particular  attention  to  the 
reference  in  the  paper,  and  in  the  discussion,  to  small  wattage 
and  small  sized  lamps.  In  a  retrospective  view  of  tungsten 
lamp  development  up  to  the  present  state,  I  think  we  will  all 
agree  that  a  certain  impediment  has  been  encountered  in  the 
progress  toward  a  general  adoption  of  the  lamp  by  consumers, 
due  to  the  close  approach  on  the  part  of  the  manufacturers,  to 
the  limit  of  their  ability  to  make  low-wattage  lamps.  Now  again, 
there  are  some  hopes,  I  believe,  on  the  part  of  the  manufactur- 
ers that  they  will  soon  be  able  to  make  smaller  wattage  lamps  than 
the  25-watt  size,  which  was  more  or  less  criticisable,  perhaps,  in 
the  former  development.  What  we  illuminating  engineers  wish 
particularly  in  regard  to  the  new  sizes  of  lamps  is  to  be  imbued 
with  confidence  in  the  various  sizes,  from  the  highest  to  the 
lowest  wattage.  Most  of  us  I  think  appreciate,  as  Mr.  Howell 
has  suggested  we  should,  the  desirability  and  the  good  qualities 
of  the  large  sized  units.  However,  a  note  of  caution,  in  my 
opinion,  ought  to  be  sounded  before  the  sizes  smaller  than  the 
25-watt  are  put  upon  the  market ;  at  least,  I  think  we  ought  to 
have  confidence  in  those  smaller  sizes.  I,  for  one,  am  open  to 
the  injection  of  that  confidence  if  Mr.  Randall,  or  anyone  else, 
can  give  us  favorable  data  in  regard  to  the  ruggedness  and  de- 
sirable qualities,  aside  from  low  consumption,  of  very  small 
units.  As  illuminating  engineers,  we  will  sooner  or  later,  have  to 
include  or  exclude  in  our  specifications  these  small  sizes,  as  the 
consumer  naturally  desires  the  very  small  wattages,  he  hav- 
ing in  mind  only,  or  principally,  a  reduction  of  his  lighting  bill ; 
and  this  condition  will  exist  at  least  until  we  have  succeeded  in 
educating  him  to  some  higher  plane  of  illuminating  engineering. 

Mr.  J.  E.  Randall,  (in  reply): — I  will  attempt  to  men- 
tion some  of  the  points  that  were  brought  up,  but  will  not  speak 
in  reply  to  any,  except  Mr.  Howell's  criticism.  Mr.  Howell's 
criticism  is  well  made  if  the  figures  given  on  the  first  page  of 
the  paper  were  taken  to  indicate  the  history  of  the  qualitv  of  any 
particular  wattage  lamp.  However,  the  object  in  present- 
ing this  table  is  this :  to  show  that  the  incandescent  lamp  in- 
dustry needed  some  new  development  in  the  way  of  incandescent 
lamps  in  order  to  advance  as  it  should.  This  table  shows  the 
-  weighted  quality  for  all  kinds  of  carbon  filament  lamps  and  an  in- 
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\  estimation  of  the  data  from  which  it  has  been  compiled  will  show 
that  any  sag  in  quality  has  been  due  to  the  increased  demand  for 
extremely  high  wattage  lamps.  The  demand  for  low  wattage 
lamps  came  from  two  causes :  one,  the  effort  of  the  central 
station  to  increase  its  lighting  business  by  recommending  low 
candle-power  lamps  to  customers  complaining  of  high  current 
bills;  the  other,  the  growing  use  of  the  electric  sign.  Xow, 
i  think  that  those  who  are  familiar  with  carbon  filament  lamps 
will  agree  with  me  that  the  low  wattage  lamp  is  not  as  good  in 
quality  as  the  50  or  60  or  even  the  100  watt  lamp.  Therefore,  the 
large  proportion  of  the  25,  20  and  10  watt  carbon  filament  lamps 
that  was  supplied  from  1904  to  1909  has  had  its  effect  in  caus- 
ing average  quality  to  decline.  Incandescent  lamp  manufactur- 
ers were  simply  going  down  hill  while  they  were  doing  the 
best  that  they  knew  how.  There  was  no  indication  that  they 
would  start  up  again,  although  the  50-watt  and  60-watt  lamps, 
and  even  the  25-watt  lamps  were  improving  in  quality.  I  want 
to  say  right  here  that  the  people  who  were  responsible  for  the 
work  in  improving  the  carbon  filament  lamp  have  done  about 
the  noblest  work  in  the  incandescent  lamp  industry  that  has 
ever  been  done  and  they  have  received  the  smallest  return  from 
the  increase  in  the  quality  of  the  lamp.  The  progress  was  slow, 
certainly  not  encouraging.  This  table  therefore  shows  the  state 
of  affairs  that  was  being  approached  and  which  would  have  been 
reached,  had  not  some  new  developments  in  incandescent  lamps 
been  brought  out.  The  Gem  lamp  was  introduced  and  made 
a  wonderful  progress.  It  had  the  advantage  of  the  special 
work  and  the  effort  that  was  being  put  forth  in  improving  the 
regular  carbon  filament  lamp,  but  the  range  in  its  wattage  was 
not  great  enough  to  cover  successfully  either  the  low  or  the 
high  wattage  field. 

The  introduction  of  the  tantalum  lamp  did  not  greatly  improve 
conditions,  because  its  wattage  range  was  not  great  enough  in 
the  direction  of  extremely  low  wattages.  It  was  evident,  there- 
fore, that  something  entirely  new  was  needed  to  change  the  trend 
of  quality.  This  new  thing  was  the  tungsten  filament  lamp. 
1*  was  so  much  superior  to  any  other  lamp  that  had  been  de- 
veloped that  even  though  it  was  necessary  to  construct  special 
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apparatus  and  to  arrange  special  wiring  in  signs,  these  changes 
were  quickly  made  and  to-day  the  tungsten  filament  sign  lamp 
has  almost  entirely  displaced  the  carbon  filament  sign  lamp,  with 
the  result  that  the  average  quality  of  carbon  filament  lamps  is 
again  rising  and  rising  rapidly. 

Mr.  Howell  mentioned  the  table  on  the  last  page  of  my  paper. 
This  table  pretends  to  be  nothing  but  an  illustration  of  one  way 
of  indicating  the  progress  of  the  incandescent  lamp.  Remark- 
able improvements  have  been  made  in  the  last  few  years,  many 
of  which  were  necessary  to  the  success  of  the  lamp ;  but  after 
all,  the  chief  element  in  the  lamp,  the  one  that  controls  its  quality, 
is  the  filament ;  and  therefore,  the  prime  feature  is  the  tem- 
perature at  which  the  filament  can  be  operated  with  a  certain 
result.  It  therefore  seems  to  me  that  one  may  leave  out  of 
consideration  the  cost  of  power.  In  making  the  com- 
parison which  I  wish  to  make,  I  endeavored  to  eliminate  every 
variable  that  could  be  omitted.  After  all,  the  cost  of  power  and 
the  cost  of  electrical  energy  distributed  to  the  user  of  lamps  is 
an  engineering  problem  determined  for  each  particular  installa- 
tion. It  may  influence  a  decision  as  to  the  kind  of  lamp  that 
should  be  used,  but  it  cannot  be  introduced  into  a  discussion  of 
the  development  of  the  incandescent  lamp.  The  cost  of  a  lamp 
is  not,  and  I  believe  should  not,  be  considered  in  such  a  compari- 
son. It  is  conceivable  that  the  carbon  filament  lamp  might  cost 
to-day  just  as  much  as  the  highest  priced  tungsten  filament  lamp. 
That  fact  would  affect  the  availability  of  the  carbon  filament  lamp 
for  certain  purposes,  but  would  not  affect  its  real  quality.  Of 
course,  the  cost  of  manufacturing  the  carbon  filament  lamp  is 
much  below  that  of  the  tungsten  filament  lamp,  because  years 
have  been  spent  in  the  development  of  the  carbon  filament  lamp; 
but  I  hope  to  see  the  day  when  the  cost  of  producing  a  tungsten 
filament  lamp  will  be  as  low  as  the  present  cost  of  the  carbon 
filament  lamp.  I  have  at  the  present  time  no  evidence  that  it 
will,  but  concerted  efforts  are  being  made  not  only  to  improve 
the  quality  of  the  metal  filament  lamp,  but  also  to  reduce  its 
cost. 

It  may  be  that  the  figures  presented  tend  to  handicap  the 
metal   filament  lamp,  but  I  think  that  the  metal  filament  lamp 
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stands  sufficiently  ahead  of  the  others  to  be  somewhat  handi- 
capped and  yet  be  well  ahead  in  the  race.  1  therefore  believe 
that  the  comparison  which  1  have  made  is  a  fair  one  for  the 
man  who  is  trying-  to  improve  the  product  of  the  lamp  industry, 
because  the  comparison  comes  down  to  the  basis  of  what  I  have 
called  the  wasted  energy.  1  always  keep  the  idea  in  front  of 
me  that  the  incandescent  lamp  as  an  energy  transformer  is 
exceedingly  wasteful. 

Mr.  Howell  indicated  that  I  could  have  said  a  good  deal  more 
about  the  quality  of  the  drawn  wire  tungsten  lamp.  I  know  I 
could,  but  the  lamps  have  been  out  for  several  months,  and  I 
think  they  speak  for  themselves.  I  will  affirm  everything  Mr. 
Howell  has  said  about  the  good  qualities  of  the  drawn  wire 
lamp.  Besides  that,  you  have  just  seen  a  demonstration  show- 
ing how  mechanically  strong  is  the  filament  structure  in  the 
drawn  wire  lamp.  I  should  not  have  dared  to  attempt  such  a 
demonstration  as  has  just  been  given  before  you  and  yet  I  knew 
that  it  could  be  done.     I  hadn't  any  doubt  about  it. 

Regarding  the  range  in  the  wattage  of  the  drawn  wire  lamp, 
I  believe  so  far  as  the  wire  is  concerned,  that  if  the  die  manu- 
facturers could  make  a  smaller  die,  the  wire  could  be  drawn 
through  it.  I  believe  that  a  piece  of  wire  could  be  drawn 
through  a  hole  o.oooi  inch  in  diameter  if  the  die  manufacturer 
could  make  a  hole  that  small. 

The  serious  question  about  the  very  low  wattage  lamp  (I  re- 
fer to  lamps  of  standard  voltages)  is  its  fragility.  Experience 
has  shown  that  when  a  very  small  size  of  wire  is  used  in  the 
lamp  structure,  the  lamp  is  not  hardy,  and  this  characteristic 
is  what  will  probably  control  the  low  limit  of  lamp  wattages  of 
standard  voltages.  I  expect  some  improvement  in  this  feature, 
but  do  not  feel  that  much  encouragement  can  be  offered  at  the 
present  time,  because  the  present  25-watt  lamp  is  not  as  hardy  as 
the  40-watt,  nor  is  the  40-watt  as  hardy  as  the  60-watt.  Of 
course,  if  the  lower  range  of  voltages  is  considered,  perfectly 
satisfactory  lamps  can  be  made  of  wattages  as  low  as  5  or  even 
~.  that  is.  the  quality  of  the  wire  is  equally  good  whether  the 
size  is  suitable  for  6.6  amperes  or  whether  suitable  for  0.2 
ampere:  but  T  do  not  believe  that  wattages  below  25  within  the 


64O        TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 

standard  range  of  voltage  are  likely  to  give  satisfactory  service, 
except  under  special  conditions.  There  is  no  question  but  that 
the  small  wattage  drawn  wire  lamp  could  be  made  if  such  a  lamp 
were  demanded,  but  it  does  not  seem  advisable  to  make  it  at 
the  present  time  and  possibly  not  in  the  future. 

I  might  mention  finally  that  the  drawn  wire  permits  the 
manufacture  of  innumerable  styles  and  kinds  of  the  smaller  sizes 
of  lamps.  For  instance,  the  new  automobile  electric  head  light 
is  an  illustration.  It  seems  to  me  that  in  a  few  years  we  will 
have  no  more  gas  head  lights  on  automobiles  and  this  condition 
will  have  been  brought  about  by  the  development  of  the  drawn 
tungsten  wire. 
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The  purpose  of  this  paper  is  to  present  some  of  the  par- 
ticular features  involved  in  the  photometry  of  large  and  pow- 
erful light  sources,  and  to  describe  briefly  some  methods  and 
elements  of  photometric  construction  which  have  been  success- 
fully applied  in  the  illuminating  engineering  laboratory  of  the 
General  Electric  Company. 

The  material  is  drawn  mostly  from  the  experience  of  the 
authors  in  connection  with  that  laboratory,  under  the  direction 
of  Mr.  W.  D'A.  Ryan.  This  experience  dates  back  to  1898. 
when  Mr.  Stickney  became  associated  with  the  work.  At 
that  time  the  laboratory  had  been  in  operation  several  years. 
Since  then  there  has  been  a  gradual  improvement  in  instru- 
ments and  methods.  It  has  been  necessary  to  design,  construct 
and  operate  a  number  of  photometers  for  the  measurement  of 
practically  every  type  of  artificial  illuminant  in  common  use. 
In  the  photometry  of  large  units,  the  work  has,  in  a  large  de- 
gree, centered  around  the  development  of  the  different  forms 
of  electric  arc  lamps  and  the  application  of  suitable  reflectors 
to  adapt  them  to  the  requirements  of  the  various  fields  of  light- 
ing. Developmental  tests  have  also  been  made  in  connection 
with  adapting  reflectors  to  incandescent  lamps,  especially  lamps 
of  the  tungsten  filament  type. 

With  the  removal  of  the  laboratory  from  Lynn  to  Schenec- 
tady in  1909  came  the  opportunity  to  build  an  entirely  new 
equipment,  embodying  the  previous  experience  and  adapting 
the  apparatus  more  particularly  to  the  characteristics  of  the  new 
illuminants  which  had  been  developed  in  recent  years. 

TYPES  OF  PHOTOMETERS. 

There  are  two  principal  types  of  photometers :  namely,  those 
in  which  the  mean  spherical  candle-power  is  observed  at  a  sin- 
gle reading  and  those  in  which  the  intensity  in  any  particular 
direction  is  read. 

The  mean   spherical  photometers  have  the  advantage  of  sav- 

1  A  paper  read  at  the  fifth  annual  convention  of  the  Illuminating  Engineering 
Society.  Chicago,  September  25.  26.  27  atirl  28.  1911 
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ing  time  in  the  determination  of  the  mean  candle-power  and, 
on  this  account,  often  give  a  more  accurate  indication  of  this 
value  for  a  particular  condition  or  a  short  period  of  time.  In 
the  work  of  this  laboratory,  however,  the  distribution  of  light, 
as  well  as  the  mean  spherical  intensity,  has  been  considered  of 
prime  importance ;  so  that  the  distribution  type  of  photometer 
has  been  used  almost  exclusively,  the  mean  spherical  intensity 
being  calculated  from  the  determined  values.  All  the  photom- 
eters described  in  this  paper  are  of  the  distribution  type. 

Distribution  photometers  are  commonly  built  in  three  differ- 
ent forms :  namely,  the  constant  length,  constant  intensity  and 
constant  radius  photometers. 

The  constant  length  photometer  is  the  oldest  form  in  common 
use  and  is  the  simplest  to  construct.  As  the  name  implies  the 
length  of  the  photometric  axis  is  constant  and  measurements 
are  made  by  varying  the  position  of  the  photometer  disk  between 
the  standard  and  the  light  to  be  measured. 

In  the  constant  intensity  photometer,  the  distance  from  the 
standard  to  the  photometric  screen  is  fixed  and  the  distance, 
between  the  two  and  the  light  to  be  measured,  is  varied  until 
the  balance  is  obtained.  This  maintains  the  intensity  on  the 
photometer  screen  at  a  fixed  value,  which  gives  particularly  ac- 
curate results  for  the  class  of  readings  to  which  this  type  of 
photometer  is  adapted.  This  type  of  photometer  is  used  to  a 
considerable  extent  in  the  Bureau  of  Standards  at  Washington. 

In  the  constant  radius  photometer  the  distance  between  the 
light  to  be  measured  and  the  photometer  disk  is  retained  con- 
stant, while  the  distance  to  the  standard  is  varied.  This  ar- 
rangement is  particularly  advantageous  where  the  measurements 
are  to  be  made  on  lamps  equipped  with  reflectors  or  otherwise 
having  a  large  area ;  so  that  there  is  more  or  less  question  as 
to  how  far  the  law  of  inverse  squares  will  apply.  When  this 
point  is  in  question,  the  readings  are  designated  as  "apparent 
candle-power"  at  the  distance  for  which  the  photometer  is  set. 
The  actual  mean  spherical  candle-power  or  total  flux  of  light  can 
be  calculated  from  the  apparent  candle-power  thus  obtained.  On 
account  of  this  advantage,  this  form  of  photometer  has  been  used 
almost  exclusively  in  the  laboratory  for  the  past  six  or  eight 
vears. 
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There  are  a  number  of  methods  for  directing  the  light  to  the 
photometer  disk;  for  example,  in  an  instrument  which  has  been 
used  for  a  number  of  years  at  the  Massachusetts  Institute  of 
Technology  the  entire  photometer  was  pivoted  at  the  photometer 
disk  on  a  horizontal  axis  perpendicular  to  the  photometric 
axis.  The  light  unit  to  be  measured  was  suspended  at  one  end 
of  the  bar  so  as  to  retain  its  vertical  position  with  the  center 
of  illumination  at  a  fixed  distance  from  the  disk.  The  stand- 
ard was  mounted  upon  a  track  at  the  opposite  end  of  the  bar 
so  that  it  could  be  controlled  from  the  photometer  disk.  This 
photometer  belongs  in  the  constant  radius  class.  Its  radial  dis- 
tance is  ten  feet.  The  arrangement  was  such  that  the  light  from 
any  angle  with  reference  to  the  test  lamp  could  be  measured  di- 
rectly on  the  photometer  screen  without  the  use  of  any  mirrors. 

Another  ingenious  constant  radius  photometer  is  in  the  Elec- 
trical Testing  Laboratories,  New  York.1  In  this  photometer 
the  disk  is  attached  to  the  end  of  an  arm  and  swung  in  a  vertical 
plane  around  the  lamp  to  be  measured.  The  intensity  of  illumina- 
tion on  the  disk  is  measured  with  the  Sharp-Millar  photometer, 
the  light  being  reflected  into  the  instrument  by  means  of  a  mir- 
ror mounted  on  the  axis  of  the  arm. 

\n  interesting  form  of  photometer2  was  used  by  Professor 
Matthews  in  the  arc  lamp  tests  at  Purdue  University  for  the 
National  Electric  Light  Association.  In  its  original  form,  a 
ring  of  mirrors  was  arranged  around  the  lamp  to  be  measured 
perpendicular  to  the  photometric  axis.  The  mirrors  were  ad- 
justed so  as  to  reflect  the  light  from  the  various  angles  of  ele- 
vation on  the  photometer  disk.  This  photometer  could  be  used 
as  a  distribution  photometer  by  covering  all  the  mirrors,  ex- 
cepting one  or  two  at  the  elevation  at  which  it  was  desired  to 
make  the  measurement.  The  mean  spherical  candle-power  was 
read  by  exposing  all  of  the  mirrors  but  coating  them  with  an 
absorbing  film  to  introduce  the  cosine  factor.  Considerable  diffi- 
culty was  experienced,  however,  in  securing  an  accurate  coating. 
and  this  was  later  improved  in  accordance  with  a  suggestion  by 
Dr.  Steinmetz.  whereby  the  absorption  was  obtained  by  a  suita- 
ble screen  inserted  in  front  of  the  photometer  disk. 

1  Por  description,  see  lecture  bv  C.  H.  Sharp.  "Measurement  of  Light,"  in  Lectures  on 
Illuminating  Engineering.  (Johns  Hopkins  Universitv,  \<,\r>).  vol.  1.  p.  474. 

;  DeccribeM  ami  illustrate'!  on  p.  474.   vol.   I.    Lectures   on    Illuminating  Engineering 
Hopkins  University,  1910). 


644        TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 


A  similar  form  of  photometer,  used  by  Blondel  and  later  by 
Professor  Matthews,  had  but  two  mirrors,  pivoted  and  swung 
around  the  photometric  axis.  It  was  similar  in  principle  to  the 
twin-mirror  photometer  now  in  use  in  the  Schenectady  labora- 
tory, which  is  more  fully   described  later  on  in  this  paper. 

Another  photometer  embodying  the  Dibden  principle  has  been 
designed  primarily  for  the  testing  of  lamps  used  in  connection 
with  large  diffusing  or  reflecting  surfaces  up  to  six  or  eight  feet 
in  diameter.  It  has  not  been  built  or  installed  up  to  the  present 
time  although  suitable  space  has  been  reserved  for  it  in  the 
Schenectady  laboratory.  Tracks  run  the  full  length  of  the  room 
along  the  side  walls  about  midway  between  the  floor  and  ceiling, 


Fig.  i. —Elevation  diagram  of  constant  radius  photometer  (traveling  crane  type). 

and  supports  two  carriages  similar  to  traveling  cranes,  one  on 
each  side  of  the  lamp  to  be  tested.  On  these  carriages  a  pho- 
tometer disk,  standard  lamp  and  seat  for  an  observer  are  mounted 
as  indicated  in  fig.  i.  The  lamp  to  be  tested  is  suitably  suspended 
and  tied  to  each  carriage  by  arms  so  that  as  the  lamp  is  raised 
or  lowered  the  carriages  run  forward  or  backward,  always  keep- 
ing the  photometer  disk  at  a  distance  of  ten  feet  from  the  center 
of  light.  Simultaneous  readings  are  taken  on  both  sides  of  the  lamp. 
A  photometer  which  was  used  at  Lynn  to  accomplish  similar 
results  is  shown  diagrammatically  in  fig.  2.  The  unit  to  be  tested 
was  suspended  with  its  center  of  illumination  on  a  horizontal 
axis  about  which  two  arms,  one  on  each  side  of  the  room,  were 
rotated.  Each  arm  carried  a  small  photometer  and  the  observer, 
.who  propelled  himself  about  the  lamp  by  means  of  a  hand-wheel 


STICKXKY    AND  ROSE:       PHOTOMETRY   OF   LIGHT   SOURCES       645 


ami  suitable  gears.     Simultaneous  readings  were  made  on  both 
sides  of  the  lamp. 

In  this  laboratory,  however,  practically  all  the  measurements 
have  been  made  with  two  forms  of  photometer :  namely,  the  sin- 
gle-mirror crane  type  photometer  and  the  twin-mirror  photom- 
eter. Four  photometers  of  the  crane  type  were  erected  and 
used  successively  when  the  laboratory  was  in  Lynn.     The  last 


Fig.  ».— Elevation  diagram  of  constant  radius  photometer  (rotating  arm  type). 

one,  which  was  built  about  1907,  is  illustrated  in  fig.  3.  In  this 
photometer  the  sight  box  was  supported  on  a  stand  at  a  fixed 
point  and  suspensions  were  arranged  on  the  crane  so  that  tests 
could  be  made  at  a  radii  of  either  ten  or  fifteen  feet.  The  track 
carrying  the  standard  lamp  carriage  was  supported  from  the 
ceiling.  A  partition,  with  only  a  small  opening  on  the  photo- 
metric axis,  prevented  any  direct  or  stray  light  from  the  lamp 
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under  test  reaching  the  sight  box.  The  standard  lamp  carriage 
nras  motor  driven  and  controlled  by  a  suitable  switch  near  the 
sight  box.  Trouble  was  experienced  in  stopping  the  carriage 
quickly  and  this  was  later  changed  to  hand-control.  An  im- 
proved crane  type  photometer  for  small  units  is  now  in  use  at 
the  Schenectady  laboratory. 

When  the  laboratory  was  transferred  to  Schenectady  in  1909, 
the  twin-mirror  photometer  was  adopted  for  the  larger  unit  work. 
This  photometer  employs  two  mirrors  mounted  on  arms  which 
rotate  about  the  photometric  axis.  Thus  the  centers  of  the  mir- 
rors are  retained  in  a  vertical  plane  perpendicular  to  the  pho- 
tometric axis  at  the  center  of  the  light  source.  The  mirrors 
arc-  set  at  such  angle  as  to  reflect  the  image  of  the  light  source 


Fig.  4. — Plan  diagram  of  twin-mirror  photometer,  showing  arrangement 
of  test  lamp  and  mirrors. 

on  the  photometric  disk.  This  is  shown  diagrammatically  in  fig. 
4.  The  elevation  sketch  in  fig.  5  shows  the  mechanical  arrange- 
ment of  the  photometer. 

The  overhead  track  with  suspended  carriages  is  hung  from 
the  ceiling.  This  construction  has  the  following  advantages  over 
the  ordinary  type.  Track  reflection  is  more  easily  eliminated. 
The  room  is  not  blocked  up.  The  alinement  can  be  easily  ar- 
ranged for  accurate  adjustment. 

The  total  length  of  the  room  is  approximately  forty  feet  and 
the  width  fourteen  feet.  The  height  varies  from  about  twelve 
feet  at  one  end  to  eighteen  feet  at  the  other.  The  length  of 
track  is  about  twenty-four  feet.  The  photometric  axis  is  ap- 
proximately five  feet  three  inches  above  the  floor.  The  whole 
interior  is  painted  a  dull  black.  Suitable  screens  are  used  to 
prevent  any  reflected  light   from   walls,  floor  or  ceiling,  or  any 
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Other  stray  light,  striking  the  disk  of  the  sight  box  or  the  eyes 
oi  the  observer.  The  screen  which  cuts  all  direct  light  from  the 
photometer  disk  is  supplemented  by  a  number  of  portable  screens 
arranged  so  that  they  can  be  readily  adjusted  for  the  various 
conditions.  A  Lummer-Brodhun  contrast  type  sight  box  is 
mounted  on  a  carriage  suspended  from  the  photometer  track. 
Ordinarily  this  is  securely  fastened  at  a  point  which  gives  a  pho- 
tometric radius  of  twenty  feet.  The  arrangement,  however,  is 
such  that  this  radius  can  be  changed  within  certain  limits  to  suit 
requirements.  Both  the  sight  box  and  the  working  standard 
lamp  are  provided  so  that  they  can  be  adjusted  vertically  in  case 
realinement  of  the  track  becomes  necessary.     The  working  stand- 


Fig.  '  —  Photograph  of  twin-mirrors  set  at  50  degrees  from  vertical  axis.    (Viewed 
from  photometer  screen 

ard  i»  moved  back  and  forth  in  securing  a  balance  by  means  of 
a  belt  mechanism  operated  by  the  observer  through  a  hand-wheel 
situated  below  the  sight  box. 

A  =teel  tape,  graduated  in  feet  and  tenths,  passes  around  a 
pulley  at  each  end  of  the  track  and  is  securely  fastened  to  the 
lamp  carriage.  A  pointer  in  front  of  the  observer  indicates  on 
the  tape  the  distance  between  the  standard  lamp  and  photo- 
metric disk  for  each  setting. 

The  mirrors  are  large  enough  to  accommodate  a  lamp  with  a 

reflector  over  three  feet  in  diameter.     Fig.  6  shows  a  testing  po- 

1.  both  mirrors   being  set  at   50  degrees   from   the  vertical 

axR     Fig.  7  show-  another  testing  position  with  the  mirrors  set 

at  no  degrees  from  the  vertical  axis.     These  photographs  were 
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taken  with  the  lens  of  the  camera  at  the  point  that  the  disk  of 
the  sight  box  occupies  during  the  test.  The  large  metal  pro- 
tractor for  indicating  the  elevation  of  the  mirrors  can  be  seen, 
the  screen  having  been  removed  in  order  to  show  it. 

The  sector  disk  is  mounted  on  a  portable  stand  arranged  for 
vertical  adjustment,  which  not  only  facilitates  the  changing  of 
its  position  from  one  side  of  the  sight  box  to  the  other,  but  also 
prevents  any  vibration  from  the  rapidly  rotating  disk  being 
transmitted  to  the  photometric  apparatus.  A  single  disk,  driven 
by  a  small  motor  has  been  used  in  preference  to  the  adjustable 
disk  because  of  its  simplicity  and  accuracy  of  calibration.  Us- 
ing a  sector  disk  with  a  ratio  of  approximately  6  to  1,  candle- 
powers  ranging  from  12,700  down  to  6  have  been  satisfactorily 


Fig.  7. — Photograph  of  twin-mirrors  set  at  no  degrees  from  vertical  axis.    (Viewed  from 

photometer  screen.) 

measured.  By  using  a  disk  of  higher  ratio,  an  even  wider  range 
could  be  secured.  The  desirability  of  providing  for  so  large  a 
range  is  indicated  by  some  of  the  recent  tests:  for  example,  a 
flame  arc  lamp  gave,  at  its  angle  of  maximum  intensity,  an 
average  of  over  3,000  candle-power,  and  at  its  angle  of  minimum 
intensity,  an  average  of  slightly  less  than  joo  candle-power.  In 
another  test  on  projector  arc  lamps  a  candle-power  intensity  of 
over  12,000  was  readily  measured  with  this  photometer. 

STANDARD   LAMPS. 

Three  classes  of  candle-power  standards  are  used :  namely 
reference  standards,  substitution  standards  and  working  stand- 
ards. 

Reference  standards  consist  of  carbon  incandescent  lamps  with 
a. parallel  type  filament  furnished  by  the  Electrical  Testing  Lab- 
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oratories  of  New  York  City  and  verified  by  the  Bureau  of  Stand- 
ards at  Washington.  New  reference  standard  lamps  arc  pur- 
chased at  frequent  intervals  and  interchecked  with  the  older 
ones  and  with  each  other.  These  lamps  are  burned  for  only  very 
short  periods  of  time,  and  great  care  is  taken  not  to  apply  a 
higher  voltage  than  called  for  on  the  calibration. 

Substitution  standards  consist  of  250-watt  or  other  high  can- 
dle-power multiple  tungsten  lamps,  carefully  seasoned  and  check- 
ed against  two  or  more  reference  standards  and  against  each 
other,  without  the  use  of  mirrors.  The  mirrors  and  working 
standard  lamps  are  calibrated  at  the  same  time  by  placing  a  sub- 
stitution standard  lamp  in  the  photometer  the  same  as  any  other 
lamp  to  be  tested. 

Working  standards  consist  of  40-watt  multiple  tungsten  lamps 
of  special  design  furnished  by  the  Electrical  Testing  Labora- 
tories. These  are  checked  against  the  substitution  standards. 
Calibration  tests  are  made  frequently — at  least  once  a  week,  and, 
in  some  cases,  daily.  When  the  standards  show  any  discoloration 
or  change  in  candle-power  they  are  discarded. 

A  careful  check  has  been  made  of  the  results  obtained  by  differ- 
ent observers  and  also  with  other  laboratories.  It  is  advisable  to 
do  this  as  often  as  possible  in  order  to  prevent  the  creeping  in 
of  errors  in  readings  or  methods.  It  has,  for  some  time,  been 
the  custom  to  check,  from  time  to  time,  measurements  of  the 
so-called  "arc  lamp"  or  "large  unit"  photometer  with  the  so- 
called  "incandescent"  or  "small  unit"  photometer.  This  has 
been  done  by  testing  a  tungsten  filament  lamp  in  both  photom- 
eters. As  these  photometers  are  built  on  different  lines,  this  tends 
to  eliminate  any  local  errors. 

METHOD  OF  TEST. 
The  lamp  to  be  tested  is  hung  so  that  its  center  of  illumina- 
tion is,  as  near  as  possible,  in  the  photometric  axis.  The  lamp 
is  then  connected  to  the  supply  circuit  and  suitable  meters  in- 
serted to  give  the  necessary  measurements  of  power,  pressure, 
etc.  Curve  drawing  meters  are  used  to  give  a  continuous  record 
of  volts,  amperes  or  watts.  Each  lamp  is  warmed  by  a  pre- 
liminary burning  until  it  reaches  a  constant  condition  before  a 
final  check  is  made  of  its  adjustment  and  the  photometric  test 
started. 
6 
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For  all  ordinary  tests,  lamps  are  operated  under  standard 
conditions  and  as  near  as  possible  at  their  commercial  ratings. 
It  is  impracticable  to  operate  all  types  of  lamps  at  a  constant  ad- 
justment, owing  to  instantaneous  variations  of  longer  or  shorter 
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Fig.  8.  — Record  sheet  for  incandescent  lamps 


duration.  In  such  a  case,  narrow  limits  are  assigned  and  pho- 
tometric readings  made  only  when  the  lamp  is  operating  within 
the  assigned  limits.  No  definite  rule  can  be  set  as  the  range  of 
"these  limits  may  vary  for  different  types  of  lamps.     A  number 
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of  photometric  settings  are  made  by  different  observers  every 
ten  degrees  throughout  one  or  more  vertical  planes,  starting 
at  a  point  directly  beneath  the  lamp. 

After  a   careful    investigation,   the   use   of  automatic   record- 
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Fig.  9. — Record  sheet  for  gas  tamps. 


•  vices  has  been  abandoned,  it  having  been  found  prefera- 
ble to  have  the  values  called  off  by  the  photometrist  and  record- 
ed by  the  observer  in  charge  of  the  electrical  instruments,  met- 
ers,  etc.     This  was   found  to  avoid  confusion   in  throwing  out 
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readings  taken  when  the  lamps  were  not  operating  under  rated 
conditions. 

Nearly,  all  illuminants  measured  give  an  approximately  sym- 
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metrical  distribution  of  light ;  that  is,  practically  the  same  candle- 
power  is  emitted  in  all  directions  with  respect  to  the  vertical. 
This,  of  course,  represents  the  simplest  case  in  which  the  candle- 
power  measurements  in  a  single  vertical  plane  represent  the 
^values  for  all  directions.     Where  the  distribution  of  light  is  un- 
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symmetrical,  readings  are  made  in  three  or  more  critical  or  in- 
termediate planes,  depending  upon  the  amount  of  variation  and 
its   character.     In    such   cases   it    is   customary   to   plot   several 
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curves  and  also  a  mean  curve.  For  curves  representing  types 
of  lamps,  tests  are  made  on  a  sufficient  number  of  electrodes, 
mantles  or  other  parts  to  eliminate  individual  variation  and  the 
tests  averaged  to  obtain  the  mean  curve. 

The   sheets   for  recording  the  original   readings  taken   during 


656        TRANSACTIONS  OE  ILLUMINATING  ENGINEERING  SOCIETY 

the  test  and  the  final  data  sheet  from  which  the  curve  is  made  and 
the  hemispherical  and  spherical  candle-power  calculated  are  shown 
in  figs.  8,  9,  10  and  11.  These  are  self-explanatory.  For  irregular 
curves,  where  the  variation  of  candle-power  from  angle  to  angle 
is  rapid,  the  mean  spherical  and  hemispherical  candle-power  val- 
ues are  obtained  by  means  of  a  Rousseau  diagram  and  planimeter. 
Wherever  possible,  however,  the  calculation  method  is  used, 
since  it  is  quicker  and  less  liable  to  introduce  personal  errors 
which  are  difficult  to  discover. 

ELIMINATION  OF  ERRORS. 

The  following  are  some  of  the  more  important  details  to  which 
too  much  attention  cannot  be  paid  in  order  to  eliminate  all  pos- 
sible sources  of  error,  both  in  calibrating  and  testing.  A  suffi- 
cient number  of  screens  and  proper  placing  of  them  to  prevent 
stray  light  from  reaching  the  disk  in  the  sight  box  or  the  ob- 
server's eyes  should  be  provided.  Especially  where  very  pow- 
erful lights  are  to  be  measured,  it  is  important  to  watch  every 
possible  source  of  stray  light.  Even  dull  black  surfaces  may  re- 
flect sufficient  light  to  affect  the  results  when  illuminated  to  a 
very  high  intensity.  Photographs  taken  from  the  position  of 
the  photometer  disk  are  of  assistance  as  a  final  check  in  eliminat- 
ing such  discrepancies.  The  sight  box  and  standard  lamp  should 
be  kept  as  free  as  possible  from  vibration.  All  meters  should 
be  carefully  calibrated :  for  example,  a  one  per  cent,  error  in 
voltage  may  result  in  a  five  per  cent,  error,  in  candle-power  or 
even  more.  Meters  of  proper  capacity  should  be  used,  i.e.,  one 
should  not  try  to  measure  five  amperes  on  a  thirty-ampere  meter. 
If  possible,  meters  of  such  capacity  that  the  needle  is  about  the 
center  of  the  scale  should  be  used.  For  alternating-current  work, 
the  proper  frequency  should  be  held  constant  during  the  test. 
All  distances  should  be  measured  with  an  inextensible  scale, 
such  as  a  steel  tape.  A  large  error  in  candle-power  may  be  in- 
troduced by  measuring  distances  with  a  linen  tape  which  has  be- 
come stretched,  or  other  scales  which  have  become  distorted. 
Standard  lamps  must  be  accurately  set  up;  when  stationary,  a 
certain  definite  position  with  relation  to  the  photometric  disk 
must  be  maintained.  Pressure  leads  must  be  extended  direct 
from  the  voltmeter  or  wattmeter  to  the  point  at  which  it  is  de- 
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sired  to  measure  the  voltage.  Mirrors  of  the  best  quality  of 
crystal  glass  and  the  thinnest  plate  must  be  used.  They  must 
be  kept  clean  and  free  from  scratches  or  other  imperfections. 
Readings  must  be  taken  only  when  the  lamp  is  operating  at 
correct  adjustment.  If  necessary,  the  lamp  should  be  readjusted 
and  the  test  started  over  again.  In  any  photometer  in  which  the 
light  strikes  the  disk  at  a  perceptible  angle,  care  must  be  taken 
to  make  sure  that  the  relation  of  the  angle  of  view  in  the  sight 
box  does  not  affect  the  results. 

Practically  all  large  light  sources  must,  for  mechanical  rea- 
sons, be  operated  in  a  vertical  position.  Very  few  of  them  can 
be  rotated  without  affecting  their  operation.  This  must  be  al- 
lowed for  in  the  design  and  operation  of  the  photometers.  Es- 
pecially if  the  area  of  the  source  is  large,  or  if  it  is  provided 
with  reflectors  so  designed  that  there  are  one  or  more  virtual 
light  sources,  it  is  desirable  that  the  distance  to  the  photometer 
disk  should  be  as  great  as  possible  in  order  to  minimize  any  er- 
rors due  to  the  variation  from  the  point  source  of  light  or  dis- 
crepancies in  locating  the  center  of  illumination.  The  size  of 
the  photometer  is  usually  limited,  however,  by  the  space  availa- 
ble and.  with  some  forms  of  photometer,  by  the  mechanical  con- 
struction required. 

CHARACTERISTICS    OF    LIGHT    SOURCES. 

Proper  consideration  should  be  given  to  the  requirements  of 
the  various  lighting  units.  The  photometer  must  be  designed 
to  accommodate  conveniently  the  mechanical,  as  well  as  the 
luminous  characteristics  of  all  the  various  light  sources  likely 
to  be  measured.  The  clearances  must  be  sufficient  to  allow  for 
various  mechanical  constructions,  and  the  lamp  suspension  must 
be  so  arranged  that  the  center  of  illumination  of  the  lamp  can 
be  adjusted  to  the  proper  point  on  the  photometric  axis. 

The  real  difficulties  in  the  photometry  of  large  units  are  those 
introduced  by  the  variation  in  color  and  intensity  of  the  light. 
Of  these  two,  the  variation  in  intensity  is  usually  the  principal 
source  of  error  in  measurement,  and  tests  the  judgment  of  the 
photometri-t  in  assigning  a  fair  value.  Many  large  light  sources 
are  subject  to  changes  in  intensity.  The  light  may  van-  more  or 
regularly    and    with    longer    or    shorter    periods.     Tn    some 
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cases  it  is  complicated  by  a  wandering  of  the  maximum  light 
in  various  directions  about  the  lamps.  Variations  which  would 
hardly  be  noticeable  to  the  ordinary  observer  make  the  read- 
ing of  a  photometer  much  more  difficult.  It  is  not  uncom- 
mon to  find  readings  varying  from  twenty  per  cent,  of  the  mean 
to  three  hundred  per  cent.  An  especially  trying  example  is  one 
of  the  forms  of  flame  arc  lamps  which,  for  a  period  of  time, 
gives  a  powerful  yellow  light  and  then,  for  another  period  of 
time,  a  weaker  orange  light.  The  question  arises  as  to  which 
value  should  be  taken.  For  want  of  a  better  method  of  approxi- 
mation, readings  have  been  taken  over  a  period  of  time  suffi- 
cient to  give  a  fair  weight  to  each  condition  of  burning  and  the 
average  value  determined.  This  is  not  entirely  satisfactory, 
since  the  value  of  the  light  is  not  so  great  as  that  of  a  steady 
light  of  the  same  average  intensity.  On  the  other  hand,  par- 
ticularly where  the  lamps  are  operated  in  groups,  it  is  con- 
siderably above  the  minimum.  Several  years  ago  this  situation 
was  further  complicated  by  the  fact  that,  before  the  days  of 
careful  photometry,  excessive  candle-power  values  were  assigned 
to  open  arc  lamps,  and  were  so  thoroughly  associated  with  them 
that  the  conception  of  candle-power  by  engineers  and  others  was 
influenced  by  this  rating.  On  this  account,  Mr.  Ryan  found  it 
expedient,  in  1901,  to  make  comparisons  between  arc  lamps  in 
terms  of  the  average  maximum  candle-power,  the  values  being 
so  designated.3  Later,  when  it  became  necessary  to  make  com- 
parisons between  arc  lamps  and  other  illuminants,  the  average 
intensity  was  adopted,  since  the  average  maximum  values  did 
not  apply.  This  change  was  followed  by  the  adoption  of  the 
average  value  of  comparison  between  arc  lamps  themselves. 

Where  the  variation  in  intensity  is  rapid,  it  is  difficult  to  ob- 
tain consistent  readings.  An  inexperienced  photometrist  is  in- 
clined to  follow  the  variation  and  thus  obtain  values  higher  or 
lower  than  the  mean,  depending  upon  his  personal  habit  in  setting 
and  reading  the  photometer  disk.  Two  methods  have  been  fol- 
lowed in  the  laboratory  to  minimize  errors  in  this  respect.  In 
some  cases  the  maximum  and  minimum  intensities  have  been 
measured  and  the  mean  determined.     In  other  cases  a  large  num- 

z  "The  Relative  Merits  of  Open  and  Enclosed  Arc  Lamps  for  Street  flho/iinalion,"  a 
paper  read  before  the  Ohio  Electric  Light  Association,  August,  1901. 
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ber  of  sharp,  quick  readings  have  been  made  at  regular  intervals 
and  the  values  averaged.  It  is  essential  that  the  photometric 
balances  should  be  made  as  quickly  as  possible  so  as  to  obtain  an 
instantaneous  value.  With  excessive  variation,  therefore,  a  pho- 
tometer disk  which  can  be  read  rapidly  may  give  more  accurate 
results  than  a  more  sensitive  form  requiring  more  time.  On  this 
account,  in  the  single-mirror  photometers  used  at  Lynn,  the  best 
results  were  obtained  with  the  Bunsen  disk;  while  on  the  twin- 
mirror  photometer  at  Schenectady,  which  has  a  tendency  to  steady 
the  light  on  the  disk,  the  Lummer-Brodhum  (contrast  screen) 
was  found  preferable.  The  advantage  of  the  Bunsen  disk  in  the 
former  case  was  due  to  the  absence  of  the  telescope.  By  reduc- 
ing the  variation  of  intensity  on  the  photometer  screen,  the  twin- 
mirror  photometer  has  reduced  the  time  and  effort  of  reading 
and  increased  the  accuracy.  Check  tests  between  the  crane  type 
and  the  twin-mirror  type  photometers  have  checked  exceedingly 
close  in  the  average  values  obtained,  while  the  variation  between 
the  measurements  of  a  number  of  observers  has  been  consider- 
ably less  with  the  latter. 

As  explained  elsewhere,  either  the  carbon  or  tungsten  filament 
incandescent  lamp  has  always  been  used  as  a  working  standard. 
The  color  of  light  from  practicallv  all  other  sources  differs,  in  a 
greater  or  less  degree,  from  that  of  these  standards.  While  this 
difference  in  color  makes  it  somewhat  more  difficult  to  make  ac- 
curate settings,  especially  with  inexperienced  observers,  it  is  sur- 
prising what  facility  and  accuracy  is  attained  with  experience  in 
setting  the  photometer.  Moreover,  with  light  sources  of  varying 
intensity,  the  color  difference  becomes  almost  insignificant  on 
account  of  the  fact  that  the  accuracv  of  the  readings  cannot  be 
as  great  as  with  steady  sources.  Some  experiments  were  made 
several  years  ago  with  the  flicker  photometer,  but  partly  on  ac- 
count of  the  chance  of  stroboscopic  interference,  its  use  was 
found  to  be-  inadvisable  under  the  existing  conditions. 

Both  the  intensity  and  the  characteristic  of  distribution  of 
some  forms  of  lamps  vary,  from  time  to  time  during  their  oper- 
ating life.  In  some  forms  of  arc  lamps,  this  is  due  to  the  change 
in  the  position  of  the  arc  with  reference  to  the  reflector  or  other 
parts  of  the  lamp.  In  such  cases  it  is  desirable  to  run  photo- 
metric curves  at   different  periods   during  the  life   of  the  elec- 
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trodes,  this  testing  being  designated  as  the  "photometric-life  test." 
In  other  forms  of  lamps  the  candle-power  varies  rapidly  for 
slight  changes  in  the  angle  of  elevation.     This  is  generally  due 
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Fig.  12.— Typical  photometric  curve,  showing  method  of  recording  conditions  and  data. 

to  the  reflecting  and  cutting-off  effects  of  the  reflectors.  An 
example  of  this  is  the  luminous  arc  lamp  equipped  with  a  street 
reflector,  which  has  a  high  maximum  candle-power  at  80  deg.,  fall- 
ing off  rapidly  as  it  approaches  the  horizontal.     In  the  parts  of 
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the  curve  where  the  variation  is  rapid,  readings  are  made  every 
two  or  three  degrees,  although  in  general,  where  the  variation 
is  less  rapid,  an  interval  of  10  degrees  is  maintained. 

PHOTOMETRIC  CURVES. 

Difficulty  is  frequently  encountered  in  interpreting  photometric 
curves  due  to  lack  of  data  and  description  of  the  conditions  of 
the  test.  Fig.  12  shows  a  photometric  curve  derived  from  a  rep- 
resentative test  and  illustrates  the  practise  of  this  laboratory. 
Unquestionably  the  reliability  and  usefulness  of  such  a  curve 
is,  to  a  large  degree,  dependent  upon  the  accuracy  and  com- 
pleteness with  which  such  information  is  given. 

DISCUSSION. 

Mr.  P.  S.  Millar: — The  photometers  described  in  this  paper 
are  of  interest  to  those  who  have  to  do  photometric  work  on  large 
illuminants.  The  photometer,  the  essential  features  of  which  are 
illustrated  in  fig.  1,  appears  to  be  a  modified  form  of  the  Dibdin 
photometer,  arranged  for  use  by  two  observers  simultaneously. 
I  should  imagine  that  that  gives  an  equivalent  of  the  twin-mirror 
scheme  in  that  simultaneous  observations  are  made  on  opposite 
sides  of  the  lamps,  and  when  the  lamp  is  fluctuating,  a  more  ac- 
curate average  value  is  obtained. 

The  "ferris  wheel"  photometer  illustrated  in  fig.  2  is  unique. 
The  twin-mirror  scheme  illustrated  in  fig.  4  is  one  which  most  of 
us  who  have  done  work  of  this  kind  have  employed.  I  would 
like  to  ask  the  authors  if  they  have  made  some  such  experiment 
as  to  place  a  lamp  in  the  photometric  center,  attach  it  rigidly 
to  one  of  the  mirrors,  and  rotate  the  mirror  throughout  the 
180  degrees,  or  preferably  throughout  360  degrees,  in  order  to 
observe  how  nearly  a  constant  reading  is  obtained  from  the  pho- 
tometer under  those  conditions.  I  have  in  mind  among  other 
'lilities  some  little  divergence  that  might  1>e  caused  due  to 
the  light  striking  the  photometric  surface  at  various  angles 
with  that  of  view. 

The  use  of  the  twin-mirror  photometer  of  any  type  simplifies 
the  obtaining  of  a  fair  photometric  value.  However,  it  does 
not  always  give  one  all  the  facte.  I  would  like  to  ask  the  authors 
if  thev  have  ever  obtained   an   instantaneous   distribution   curve 
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about  arc  lamps.  Of  course,  if  there  is  high  value  on  one  side 
of  the  lamp  and  low  value  on  the  other  side  of  the  lamp,  with 
the  twin-mirror  photometer,  one  gets  a  mean  value. 

The  statement  is  made  that  the  use  of  the  automatic  recorder 
has  been  abandoned  for  some  purposes.  In  my  judgment  the 
automatic  recorder  is  almost  indispensable.  If  a  fluctuating  light 
source  is  to  be  photometered,  and  one  wants  to  arrive  at  a  fair 
average  value,  I  believe  that  the  best  method  is  to  have  the 
photometrist  devote  his  entire  attention  to  following  the  fluctua- 
tions in  intensity.  He  can  do  this  to  better  advantage  if  relieved 
of  the  neccessity  of  noting  results.  An  automatic  recorder  en- 
ables one  to  do  this  in  a  manner  which  is  satisfactory  for  many 
purposes.  Of  course  there  comes  a  time  when  the  automatic 
recorder  does  not  serve  the  purpose,  because  one  wants  to  know 
more  about  the  fluctuations  than  the  ordinary  automatic  recorder 
will  report.  When  the  chief  purpose  is  to  determine  what  the 
average  value  is,  I  do  not  see  how  an  automatic  recorder  can  be 
improved  upon. 

Having  visited  the  laboratories  at  Lynn  and  seen  the  very 
excellent  equipment  there  installed,  I  want  to  compliment  the 
authors  on  the  excellent  work  that  they  are  doing,  and  the  ex- 
cellent apparatus  that  they  have  devised.  The  only  thing  which 
seems  lacking  is  an  integrating  photometer.  In  the  manufac- 
ture of  arc  lamps  and  electrodes,  it  becomes  necessary  to  deter- 
mine the  total  flux  of  light  given  by  experimental  electrodes  time 
and  time  again,  and  I  think  the  integrating  photometer  is  un- 
equalled for  that  class  of  work. 

Dr.  H.  B.  Ives: — I  am  very  much  interested  in  one  point 
brought  out  in  this  paper,  that  is,  that  the  greatest  difficulties  in 
the  photometry  of  large  sources  of  light  arise  from  variations 
in  color  and  intensity.  The  extent  of  these  variations  has  been 
brought  out  by  the  authors.  Now,  I  have  never  had  to  measure 
a  large  fluctuating  source  of  light.  I  can  be  a  mere  theorist  on 
that  point.  But  several  years  ago,  when  I  was  connected  with  the 
Bureau  of  Standards,  it  was  planned  to  make  a  distribution  pho- 
tometer for  measuring,  arc  lamps,  and  other  fluctuating  sources, 
and  of  course  this  question  of  variation  of  intensity  and  color 
came  up.     To  meet  that,  I  designed  a  photometer,  a  distribution 
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photometer.  As  far  as  I  know,  it  has  never  been  built,  because 
the  bureau  has  not  been  working  along  that  line.  But  there  was 
one  detail  of  that  which  fixed  itself  in  my  mind.  I  have  been  very 
fond  of  it.  and  I  want  to  get  the  opinion  of  those  who  have 
worked  with  these  photometers  on  whether  it  is  practicable,  or 
whether  it  is  merely  theoretical.  The  idea  is  this :  In  the  case 
where  one  merely  wants  distribution,  and  the  light  source  is 
varying  a  great  deal,  why  not  use  as  the  standard  the  light  of 
the  source  itself?  Let  for  instance  the  light  from  the  radial 
mirror  be  matched  always  against  the  light  coming  in  the  hori- 
zontal direction  from  the  lamp.  If  the  total  intensity  of  light 
goes  up  a  few  hundred  per  cent,  not  only  will  the  light  from  the 
radial  mirror  do  this,  but  the  standard  will  do  so  too.  More- 
over the  "standard"  and  the  light  measured  would  be  of  the  same 
color.  I  have  an  idea  that  somehow  in  getting  distribution  curves 
a  scheme  of  that  sort  would  cut  down  the  amount  of  work  and 
increase  the  accuracy  a  great  deal.  Of  course,  it  would  not  give 
an  absolute  measure,  but  it  would  only  be  necessary  to  make 
a  measurement  in  a  single  direction  of  the  absolute  candle-power. 
Then  again,  a?  Mr.  Millar  suggests,  why  not  make  the  measure- 
ment of  the  total  flux  with  a  sphere?  In  using  the  photometers 
which  have  been  described  a  large  number  of  uncertainties  enter, 
due  to  the  variation  of  intensity  and  color.  This  alternative 
method  appears  to  be  a  way  in  which  a  distribution  curve  may  be 
obtained  independent  of  variations  in  intensity,  and  color.  As  I 
say.  I  have  never  tried  this  scheme  out.  and  so  I  would  value 
an  expression  of  opinion  by  people  who  have  tried  it.  Perhaps 
the  difficulties  would  be  altogether  too  great,  but  I  would  like  to 
hear  something  about  it.1 

Mr.  W.  J.  Cady: — I  would  like  to  ask  the  authors  of  this 
piper  whether  they  have  any  data  showing  the  errors  in  the 
testing  of  light  sources  which  differ  greatly  in  color  from  the 
standard  lamp,  due  to  the  selective  absorption  of  the  mirrors. 
Figure-  have  been  obtained  by  Prof.  E.  F.  Nichols  -bowing  that 
the  coefficient-  of  reflection  of  mirrors  for  lights  of  different 
colors   in   the  visual   spectrum  varies   from  82.7  per  cent,  to  95 

1  Since  making  these  remarks  at  the  convention  of  the  society,  my  attention  has  been 
called  to  the  fact  that  Matthews  and  later  Fleming  have  described  this  method  of  securing 
distribution  curves.  They  do  not.  however,  give  any  results  on  the  use  of  the  method 
with  arc  lamps  as  compared  with  the  usual  method 
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per  cent.  If,  therefore,  two  or  three  mirrors  are  used,  the  ad- 
dition of  these  errors  might  be  quite  considerable  even  for  lamps 
which  do  not  differ  more  in  color  than  an  arc  lamp  or  standard 
incandescent  lamps.  Of  course  the  variations  in  the  intensity  of 
an  arc  lamp  are  very  much  greater  than  the  errors  produced  by  a 
difference  in  color,  but  in  the  case  of  lamps  which  are  constant 
in  intensity  but  which  differ  considerable  in  color  from  that 
of  the  standard  lamp,  this  error  due  to  the  selective  absorption 
might  be  greater  than  is  desirable  for  accurate  work. 

I  might  mention  a  photometer  which  the  Holophane  Company 
has  at  Newark.  This  is  of  the  Dibdin  type  and,  therefore,  does 
not  require  the  use  of  mirrors.  In  this  photometer  the  test  lamp 
is  moved  in  a  vertical  line,  and  the  comparison  lamp  and  photom- 
eter head  in  a  horizontal  line,  a  fixed  distance  between  the  test 
lamp  and  photometer  being  maintained  by  connecting  rods.  This 
particular  photometer  was  designed  and  built  and  then  the  building 
built  around  it,  as  it  is  so  large  as  to  reach  through  three  floors, 
such  a  photometer  requires  a  careful  analysis  of  the  usual  draw- 
backs to  the  Dibdin  photometer.  One  of  the  drawbacks  is  the 
screening  system  and  the  other  the  angle  setting  device.  The 
screening  is  taken  care  of  in  this  particular  instrument  by  placing 
an  adjustable  screening  cylinder  around  the  photometer  head  and 
the  angle  setting  by  measuring  the  angles  at  both  the  photometer 
head  and  the  test  lamp. 

Mr.  W.  F.  Little : — In  figs.  6  and  7  of  the  ninth  and  tenth  pages 
of  the  paper  decided  bright  streaks  are  noticeable  around  the 
mirrors.  There  streaks  are  even  more  noticeable  on  the  lantern 
slide.  Mention  is  made  of  a  screen  having  been  taken  away  to 
show  the  protractor.  Would  this  screen,  if  left  in  place,  prevent 
the  stray  light  from  a  mirror  edges  reaching  the  photometer 
disk. 

The  method  of  test  for  arc  lamp  distribution  measurements 
employed  by  the  Electrical  Testing  Laboratories  is  to  take  from 
100  to  1,000  quick  readings  over  a  period  of  3  to  10,  or  even 
15  minutes,  using  a  Leeson  disk,  recording  the  readings  automati- 
cally so  that  the  operator  is  not  obliged  to  look  at  anything  but 
the  disk  during  the  test.  In  a  fluctuating  source  such  as  an  arc 
lamp,  it  is  believed  that  "quick  snap"  readings  as  referred  to  by 
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the  author,  arc  preferable  to  slow  studied  readings.  A  lamp  is 
started  an  hour  or  so  before  test,  and  its  operation  studied,  so 
that  during  the  test,  measurements  are  made  without  interrup- 
tion, unless  the  observer  watching  the  electrical  instrument  finds 
that  some  abnormal  condition  exists,  in  which  case  photometric 
measurements  are  suspended  until  the  lamp  is  operating  normally. 
However,  in  the  majority  of  instances,  no  interruption  is  made, 
but  frequent  checks  are  taken  to  secure  values  more  nearly  ap- 
proximating the  true  mean.  To  represent  the  actual  operation 
of  the  lamp  during  test,  the  mean  of  all  measurements,  the  mean 
of  the  maximum  ten  and  the  minimum  ten  are  given. 

The  authors  state  that  they  secure  better  results  with  the 
Lummer-Brodhun  photometer  than  with  other  types.  Exper- 
ience at  the  laboratories  indicates  that  the  Leeson  disk  is  quicker 
and  less  tiresome,  and  perhaps  quite  as  accurate  as  the  Lummer- 
Brodhun  for  this  purpose,  probably  due  to  the  fact  that  the 
operator  can  use  two  eyes  and  is  not  compelled  to  look  through 
a  telescope. 

The  authors  seem  to  have  had  difficulty  in  the  use  of  the  flicker 
photometer  with  alternating-current  lamps,  due  to  stroboscopic 
effect,  yet  they  make  no  mention  of  this  difficulty  with  the  ro- 
tating sector  disk.  Will  a  simple  change  of  speed  eliminate  all 
errors  of  this  character? 

Does  not  stray  light  militate  against  accuracy  to  the  same  de- 
gree in  the  case  of  small  as  well  as  in  powerful  light  sources? 
This  is  referred  to  on  the  sixteenth  page  of  the  paper. 

Mr.  R.  B.  Hussey: — T  think  Mr.  Rose  has  covered  very  well 
the  outfit  and  the  procedure  followed  at  Lynn,  as  well  as  at  the 
laboratory  in   Schenectady. 

In  regard  to  Mr.  Millar's  remarks  concerning  the  outfit  re- 
ferred to  on  the  fifth  page  of  the  paper.  I  may  say  that  this 
was  developed  with  the  idea  of  handling  verv  light  sources, 
where  the  source  of  light  including  reflector  is  so  large  that  it 
can  not  be  raised  and  lowered,  and  where  one  ran  not  consider 
the  results  as  being  candle-power,  but  merely  illumination  at 
that  particular  distance.  The  outfit  was  somewhat  awkward  and 
clumsy  and  has   not  been   used   to   any   great  extent. 

Referring  to  page  650 ;  most  of  my  work  has  been  done  with 
the   single  mirror   in   place  of  the   twin-mirror,   and   although    T 
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feel  that  there  is  some  advantage  to  be  gained  by  the  use  of  the 
twin-mirror,  nevertheless,  for  the  use  with  the  ordinary  modern 
forms  of  high  intensity  lamps,  such  as  flame  carbon  arc  lamps, 
and  the  luminous  (magnetite)  lamps,  this  difference  is  some- 
what less  than  would  be  inferred  from  Mr.  Rose's  paper.  The 
variations  of  intensity  in  this  type  of  lamp  seem  rather  to  be 
variations  in  the  total  flux  than  changes  due  to  the  position  of 
the  arc,  so  that  from  a  single  mirror  nearly  the  same  results  will 
be  obtained  as  from  two.  At  the  same  time  I  think  there  is  some 
advantage  in  steadiness  to  be  obtained  from  the  two  mirrors. 

I  agree,  also,  with  Mr.  Little  in  regard  to  the  cause  of  the  pho- 
tometer screen.  I  have  been  using  almost  entirely  the  Leeson 
disk  type  for  the  same  reasons  that  Mr.  Little  mentioned.  It 
seems  to  be  easier  on  the  eyes,  because  of  its  being  a  two- 
eye  rather  than  a  single-eye  outfit.  I  believe,  too,  the  differ- 
ences in  color  are  more  easily  handled,  if  they  must  be  handled 
quickly  as  they  must  with  these  arcs,  by  using  the  Leeson  disk, 
than  with  the  Lummer-Brodhun  screen. 

Dr.  A.  S.  McAllister: — The  authors  have  made  some  instruc- 
tive comparisons  of  the  relative  merits  of  the  constant-length, 
constant-intensity  and  constant-radius  types  of  distribution  pho- 
tometers. They  have  done  well  in  calling  attention  to  the  ad- 
vantage of  photometering  lamps  with  reflectors  at  a  certain  con- 
stant radius  and  expressing  the  measurements  as  "apparent  can- 
dle-power" at  the  distance  chosen.  The  fact  of  the  matter  is 
that  the  candle-power  measured  at  any  other  than  a  constant 
radius  with  certain  types  of  reflectors,  may  mean  little  or  noth- 
ing; with  the  true  parabolic  reflector  arrangement  the  apparent 
candle-power  varies  directly  with  the  square  of  the  radius,  so 
that  the  unmodified  term  "candle-power"  used  with  such  an 
equipment  is  certainly  untrustworthy,  if  not  misleading. 

In  addition  to  giving  reliable  candle-power  data  that  can  be 
properly  interpreted,  the  constant-radius  photometer  gives  an 
absolutely  accurate  indication  of  the  mean  spherical  candle-power. 
The  mean  spherical  value  for  the  "apparent  candle-power"  ob- 
tained at  any  constant  radius  drawn  around  any  point  whatso- 
ever— the  only  requirement  being  that  the  spherical  surface  de- 
scribed  completely   surrounds  the  lighting  source — is   the   abso- 
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lutely  accurate  mean  spherical  candle-power  of  the  source,  with- 
out regard  to  its  size  or  the  regularity  in  the  space  distribution 
of  its  apparent  candle-power.  These  facts  are  discussed  at 
length  in  my  paper  on  '"The  Law  of  Conservation  as  Applied 
to  Illumination  Calculations."  to  he  presented  at  this  convention. 

Mr.  (/'.  //.  Stickney  (in  reply)  : — Answering  Mr.  Millar's  in- 
quiry, I  wish  to  say  that  we  did  have  considerable  trouble  in  first 
calibrating  the  twin  mirror  photometer  to  eliminate  the  varia- 
tions due  to  the  angle  at  which  the  light  from  the  test  lamp  was 
received  at  the  photometer  disk.  The  solution,  of  course,  was 
the  provision  of  a  sufficiently  good  diffusing  surface  on  the  disk 
itself.  After  considerable  experimentation,  this  was  eliminated 
by  the  use  of  the  Lummer-Brodhun  screen.  Another  difficulty  en- 
countered was  the  bending  of  the  frames  supporting  the  mirrors, 
which  were  very  large  and  heavy.  While  the  construction  was 
made  very  heavy  in  the  original  design,  we  found  it  necessary  to 
introduce  additional  bracing  to  stiffen  the  supporting  arms. 

We  have  never  made  any  tests  which  show  the  intensity  for 
all  angles  of  elevation  at  the  same  instant.  This  would  un- 
questionably complicate  the  construction  considerably  and  the 
principal  demand  we  have  had  has  been  for  the  mean  illumination 
over  a  fairly  long  period.  On  this  account,  we  have  relied  rather 
upon  a  large  number  of  readings,  taken  in  various  series  so  as 
to  eliminate,  as  far  as  possible,  any  instantaneous  effect  or  con- 
dition. We  have  endeavored  to  set  forth  in  the  paper  our  realiza- 
tion that  the  average  intensity  does  not  quite  represent  the  light- 
ing value  of  sources  which  vary  from  instant  to  instant.  I  n- 
questionably  this  value  would  be  different  for  a  lamp  used  singly 
from  that  of  lamps  used  in  groups.  Under  present  conditions 
the  average  value  is  undoubtedly  the  most  useful.  This  can 
often  be  supplemented  by  readings  taken  to  show  the  character 
the  variation  from  instant  to  instant. 

Attention  has  been  called  in  the  discussion  to  the  fact  that  the 
record  sheets  call  for  but  ten  readings  at  a  point.  This  is  in- 
tentional. Tt  is  the  practise  to  make  a  large  number  of  series 
of  readings  around  the  lamp,  rather  than  to  take  all  the  readings 

I  at  one  angle  of  elevation  in  one  continuous  series.  These  various 
-eric-,  are  averaged   point  by   point   and  thus   the  effect  of  the 
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time  factor  on  the  shape  of  the  photometric  curve  is  practically 
eliminated. 

Mr.  Little  has  called  attention  to  the  light  reflected  from  the 
edge  of  the  mirror,  as  indicated  in  the  lantern  slide.  In  ex- 
planation of  this,  I  would  say  that  the  effect  is  very  much  ex- 
aggerated in  the  slide.  As  a  matter  of  fact,  a  dull  black  wooden 
strip  extends  around  the  edge  of  the  mirrors.  This  strip  is 
scarcely  visible  when  actually  looking  at  the  mirrors  from  the 
photometer  screen.  Errors  from  this  source  have  been  investi- 
gated, however,  and  tests  have  shown  that  no  commensurable 
light  is  received  on  the  photometer  when  a  small  screen  is  inter- 
posed between  the  mirror  and  the  photometer  to  cut  out  the 
image  of  the  light  source  itself. 

The  point  has  also  been  raised  regarding  the  practise  of  elimi- 
nating, readings  when  the  unit  is  not  operating  under  rated 
conditions,  that  is,  with  regard  to  current  and  voltage.  This 
question  is  one  that  has  been  thoroughly  studied  and  discussed 
and  we  have  always  concluded  that  it  was  preferable  to  eliminate 
such  readings  whenever  we  were  trying  to  determine  the  average 
performance  of  a  type  of  lamps ;  characteristics  peculiar  to  the 
individual  lamps  tested  have  always  been  eliminated.  In  this 
way,  we  have  obtained  much  more  representative  and  consistent 
readings.  It  should  be  understood  that  mere  variation  in  candle- 
power  is  not  considered  cause  for  eliminating  readings. 

We  have  never  had  any  serious  difficulty  with  the  use  of  the 
sector  disk  with  alternating  current  arc  lamps.  Occasionally  we 
have  operated  the  sector  at  speeds  which  approached  synchron- 
ism. This,  however,  is  immediately  evident  to  the  observer,  and, 
since  we  were  using  a  direct  current  motor,  it  was  an  easy  matter 
to  vary  the  speed  to  overcome  any  stroboscopic  effect.  I  would, 
however,  anticipate  much  more  difficulty  if  the  flicker  photometer 
were  used. 

In  answer  to  the  question  as  to  why  it  is  more  important  to 
screen  a  powerful  light  source  than  a  small  one,  I  believe  this 
will  be  evident  when  it  is  considered  that,  with  the  sector  disk, 
the  intensity  on  the  photometer  screen  is  maintained  at  a  low 
value,  even  for  a  powerful  source. 

We  have  never  made  any  tests  to  show  the  change  in  coeffi- 
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cient  of  reflection  of  mirrors  with  change  in  the  quality  of  light. 
We  have,  in  a  few  extreme  cases,  where  this  point  was  in  ques- 
tion, checked  our  horizontal  measurements  with  other  readings 
without  mirrors,  and  satisfied  ourselves  that  there  was  no  com- 
mensurable error  introduced  by  the  mirror.  Of  course,  this 
would  be  a  much  greater  source  of  error  if  two  more  mirrors 
were  used  in  series. 

.Mr.  Millar  has  spoken  of  the  use  of  automatic  recorders.  Un- 
doubtedly this  would  be  of  great  assistance  under  conditions  to 
which  they  are  suited  as,  for  example,  certain  physical  labora- 
tories. Under  the  conditions  that  have  existed  in  Schenectady 
and  Lynn  laboratories,  where  many  different  illuminants  are 
tested  one  right  after  the  other  and  where  it  is  frequently  neces- 
sary to  break  in  new  observers,  we  have  found  it  preferable  to 
keep  the  apparatus  as  simple  as  possible  to  eliminate  errors.  I 
am  still  convinced  that  the  automatic  recorder  would  be  a  ques- 
tionable economy  under  these  particular  conditions.  As  our  meth- 
od requires  us  to  have  a  number  of  observers  so  that  they  may 
be  interchanged,  no  hardship  is  introduced  by  having  the  values 
written  down  as  observed. 

Referring  to  Mr.  Millar's  suggestion  of  the  advantage  of  us- 
ing an  integrating  photometer,  particularly  for  the  testing  of 
electrodes,  etc.,  I  may  say  that,  while  a  diffusing-box  photometer 
has  been  used  in  the  Lynn  laboratory,  it  has  been  our  practise  to 
get  these  comparative  results  by  means  of  readings  at  fixed 
angles,  the  characteristic  having  been  already  determined. 

I  see  no  reason  why  Dr.  Ives'  suggestion  regarding  the  deter- 
mination of  the  characteristic  shape  of  the  photometric  curve 
by  comparing  light  at  various  angles  with  the  mean  intensity  or 
with  the  intensity  at  some  particular  direction,  could  not  be 
carried  out.  It  would,  however,  complicate  the  construction  of 
the  present  apparatus  used  at  Schenectady.  While  I  have  heard 
of  a  similar  suggestion  before,  I  have  never  taken  occasion  to 
try  it  out  and  so  I  am  not  prepared  to  say  how  satisfactory  it 
••v.  mid  be. 

Mr.  Hussey  has  called  attention  to  the  single-mirror  photom- 
eter, as  used  at  Lynn.  We  have  made  very  careful  checks  with 
Mr.  Hussey's  photometers,  and  the  results  have  always  l>een 
exceedingly  satisfactory.     Mr.  Rose,  who  has  worked  with  both 
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the  single-mirror  and  twin-mirror  photometers,  has  a  very  de- 
cided preference  for  the  twin-mirror  instrument.  In  comparing 
the  Lnmmer-Brodhun  and  Bunsen  types  of  screen,  he  chose  the 
former  for  the  twin-mirror  photometer  despite  the  fact  that  he 
had  always  used  the  Bnnsen  np  to  that  time  for  the  single-mir- 
ror photometer. 
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For  several  years  past  the  author  has  had  occasion  to  make 

many  photometric  measurements  of  street  lights,  both  gas  and 
electric;  and  while  the  more  powerful  lights  of  either  sort  at 
moderate  distances  have  presented  no  particular  difficulties,  the 
necessity  of  working  with  a  very  feeble  illumination  on  the 
photometer  screen  has  been  only  too  common.  The  difficulties 
encountered  when  attempting  photometry  under  illuminations  of 
less  than  1  meter-candle  led  to  a  study  of  photometric  conditions 
in  very  faint  light,  of  which  the  present  paper  is  the  outcome. 

It  is  well  known  that  for  moderate  illumination,  Fechner's  law 
holds  with  a  good  deal  of  precision,  so  that  about  the  same  per- 
centage of  difference  in  illumination  can  be  perceived  over  a 
very  wide  range  of  intensity,  this  percentage  being  in  the  normal 
eye  somewhat  less  than  one  per  cent.  Any  photometrist  realizes 
the  closeness  with  which  he  can  discriminate  shades  of  illumination 
on  his  photometer  disk,  and  that  in  comparing  lights  of  the  same 
color  the  maximum  departure  from  the  mean  of  a  set  of  read- 
ings is  usually  decidedly  less  than  1  per  cent.,  when  the  in- 
tensities compared  are  of  the  order  of  20  or  30  meter-candles 
When,  however,  one  deals  with  illuminations  "i"  one  tenth  of  this 
amount  or  below,  the  shade  perception  appears  to  he  seriously 
impaired;  so  that  there  i^  a  tendency  for  photometric  readings 
to  vary  over  a  considerably  greater  range  than  before.  This 
tendency  has  been  especially  noted  when  the  illumination  has 
dropped  below  t  lux  and  is  particularly  exaggerated  under 
ordinary  circumstances  in  the  region  below  say  0.25  lux.  where 
the  normal  cone  vision  of  the  eye  has  almost  completely  dis- 
appeared and  one  is  left  dependent  on  rod  vision  alone.  In  the 
course  of  many  observations  at  these  extremely  low  illuminations 
the    writer    has     observed,     however,     very     erratic     variations 

jiaper   read   at  the   fifth  annual   convention   of  the    Illuminating     Engineering 
Society.  Chicag  ..  September  .-    :••     27  and  -■-.  1  >n. 
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in  the  precision  of  setting.  Of  course  a  series  of  photometric 
balances  gave  immediate  data  for  evaluating  Fechner's  fraction, 
and  in  so  doing  the  fact  became  conspicuous  that  the  values  thus 
ascertained  for  approximately  the  same  illumination  were  sub- 
ject to  very  wide  variations.  This  led  to  a  more  careful  study 
of  the  relations  of  Fechner's  fraction  to  the  illumination  in  the 
region  below  i  lux,  and  it  soon  appeared  that  with  proper  care  in 
keeping  light  out  of  the  eye  Fechner's  fraction  became  less  erratic 
in  its  values  and  settled  steadily  to, a  smaller  percentage.  A  very 
little  dazzling  from  stray  light  will  spoil  one's  shade-perception 
for  faint  differences  in  intensity,  as  every  observer  has  noted ; 
but  it  has  seldom  been  fully  realized  to  what  extent  conditions  are 
improved  by  even  a  moderate  degree  of  adaptation  to  dim  light. 
There  have  been  a  good  many  investigations  of  adaptation,  most 
of  them  unhappily  buried  where  the  average  photometrist  does 
not  readily  get  at  them. 

Fig.  i,  from  the  researches  of  Charpentier,  shows  in  a  very 
striking  manner  the  increase  in  sensibility  as  the  eye  is  adapted 
for  lower  and  lower  illumination.  In  this  figure  the  abscissae  in- 
dicate the  relative  illumination  for  which  the  eye  was  adapted,  be- 
ginning with  moderate  daylight  illumination,  the  data  unfor- 
tunately not  being  in  absolute  measure.  The  time  allowed 
for  adaptation  at  each  stage  was  comparatively  short — about 
three  minutes — and  for  each  stage  of  adaptation  the  minimum 
perceptible  light  in  the  field  was  determined.  The  ratio  in  sensi- 
bility, under  these  conditions  of  adaptation,  as  between  diffused 
daylight  on  a  cloudy  day  and  complete  darkness  was  1 :225,  as 
shown  on  the  curve  of  fig.  i.  In  other  words  even  this 
brief  period  of  dark-adaptation  gave  the  eye  two  hundred  and 
twenty-five  times  its  former  sensitiveness  to  faint  light.  One 
can  readily  realize,  therefore,  the  increased  precision  in  setting 
a  photometer,  which  is  likely  to  follow  the  exclusion  of  ex- 
traneous light,  when  dim  fields  are  under  consideration,  and 
the  disastrous  results  of  even  an  apparently  trivial  amount  of 
glare  reaching  the  eye.  How  far  this  difference  would  affect  the 
value  of  Fechner's  fraction  remains  to  be  seen,  but  it  is  clear 
that  the  effect   would  be   large.     When   one   considers   beyond 
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this  the   rc>ult  of  more  complete  adaptation  gained   by   longer 
periods  in  darkness,  the  results  arc  much  more  striking. 

Fig.  2,  also  from  Charpentier,  shows  the  rise  in  sensibility 
in  dark  adaptation  extending  up  to  the  comparatively  brief  period 
of  eleven  minutes.  The  rise  in  sensibility  is  slow  at  first  and  then 
becomes  more  rapid,  reaching  at  the  end  of  eleven  minutes  about 
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fifty  times  the  initial  value.  It  is  clear  therefore  that  with  pro- 
longed adaptation  there  is  an  immense  gain  over  even  the  maxi- 
mum shown  in  rig.  i.  At  this  point,  eleven  minutes,  Charpentier 
stopped;  but  a  later  research  by  Piper1  carries  the  gain  in  sensi- 
bility with  the  time  of  adaptation  up  to  above  an  hour,  with  most 
'imding  results. 
Y'vj:.  3  -hows  Piper's  curve  for  the  two  of  his  eight  subjects  who 

.'   :,.  Physiol,  d.  StHHftorg.,  vol.  31,  p.  161. 
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showed  the  greatest  sensibility.  It  will  be  observed  that  at 
about  ten  minutes  the  sensibility  begins  to  rise  very  rapidly,  as 
shown  in  Charpentier's  curve,  fig.  2 ;  but  with  further  increase 
in  the  time  of  adaptation  it  keeps  on  rising  at  a  prodigious  rate 
until  in  a  little  less  than  an  hour  it  reaches  a  nearly  asymptotic 
value,  in  this  case  some  eight  thousand  times  as  great  as  the 
initial  figure.  All  the  cases  examined  by  Piper  show  the  same 
general  phenomena,  but  in  a  varying  degree,  the  least  increase 
being  to  some  fourteen  hundred  times  the  initial  value.  Most  of 
the  increase  occurred  in  the  first  forty-five  minutes  and  the 
rapid  increase  began  at  about  ten  minutes.  Prolonged  adapta- 
tion therefore  puts  the  eye  into  a  condition  in  which  it  can  dis- 
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Fig.  2.— Increase  in  sensibility  of  the  eye  to  illumination  with  time  of  adaptation. 

criminate  faint  illuminations  in  a  way  that  is  altogether  sur- 
prising to  those  who  have  customarily  worked  with  fields  of  or- 
dinary intensity.  This  fact  has,  of  course,  been  well  known 
to  astronomers  since  the  days  of  Sir  William  Herschel,  who 
habitually  kept  his  eyes  bandaged  for  some  little  time  before 
beginning  delicate  observations  of  nebulae  and  faint  stars. 

Obviously  any  intrusive  light  of  even  moderate  intensity  will 
very  rapidly  spoil  this  extreme  dark  adaptation.  As  the  author  has 
many  times  observed  in  field  photometry,  it  is  even  necessary 
t<>  be  very  cautious  in  varying  the  intensity  of  the  comparison 
field  in  order  not  to  dazzle  the  eye  after  it  has  remained  a 
few  minutes  in  darkness.  Very  little  is  known  regarding  the 
performance  of  the  eye  under  the  conditions  of  extreme  adapta- 
tion here  indicated.  The  time  required  is  far  too  long  and  the 
gain  is  far  too  readily  lost  to  enable  one  to  take  practical  ad- 
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vantage  of  extreme  conditions.     Bui  the  results  which  can  he 

reached  oven  by  dark  adaptation  for  ten  minutes  or  s>»,  with 
careful  avoidance  of  unnecessary  light  in  balancing  the  holds. 
lead  to  some  rather  extraordinary  conclusions. 

It  may  here  he  mentioned  that  the  very  rapid  rise  in  adapta- 
tion after  eight  or  ten   minutes   corresponds   to   the   active   re- 
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Fig.  3.   -Increase  in  sensibility  of  the  eye  to  illumination  with  prolonged  adaptation. 

generation  period  of  the  visual  purple  as  nearly  as  can  be  ascer- 
tained by  experiments  on  animals.  With  dogs  for  instance,  the 
regeneration  noticeably  sets  in  after  about  -even  minutes  and 
reaches  an  apparently  full  value  in  from  thirty-three  to  thirty- 
eight  minutes-'.  The  loss  of  visual  purple  in  exposure  to  light 
►wever,  very  much  more  rapid  than  its  gain  in  darkne 
To  test  the  effect  of  adaptation  on  the  value  of  Fechner's 
fraction  and  hence  on  the  precision  of  photometric  measurements 
at  low  intensities,  the  author  carried  out  a  considerable  seri< 

*  Nagel,  llundbueh  it.  Physio/,  tin  Meruchen,  vol    ..  p.  101. 
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experiments  both  with  a  photometer  in  the  field  and  on  the  or- 
dinary photometer  bar,  in  each  case  using  an  ordinary  Lummer- 
Brodhun  prism  for  equality  of  brightness.  The  results  of  a 
large  number  of  the  series  of  observations  of  this  kind  are  shown 
in  fig.  4,  the  various  points  obtained  being  plotted  thereon. 
The  circles  and  crosses  in  the  figure  represent  observations,  part- 
ly in  the  field  and  partly  in  the  laboratory,  by  two  different  ob- 
servers ;  while  the  black  dots  are  values  taken  in  the  laboratory 
with  especial  care  with  respect  to  maintaining  a  fair  degree  of 
adaptation.  In  these  observations  the  illumination,  reduced  to 
meter-candles,  is  that  determined  from  the  mean  of  ten  settings. 

—  is  the  complete  percentage  range  of   settings   including  all 

the  observations  from  which  the  corresponding  value  of  I  is  de- 
rived. The  values  of  illumination  range  from  about  5  meter- 
candles  down  to  a  few  hundredths  of  a  meter-candle.  The  frac- 
tion —  is  of  course  proportional  to  Fechner's  fraction,  repre- 
senting as  it  does  the  practically  certain  range  of  discrimination 
between  the  photometer  fields.  It  is  numerically  larger  than 
the  ordinary  values  given  for  Fechner's  fraction  merely  be- 
cause these  latter  values  are  not  stated  in  terms  of  the 
whole  variation  in  settings.  It  will  be  seen  that  these  observa- 
tions are  in  the  extreme  corner  of  the  ordinary  graphic  repre- 
sentation of  Fechner's  fraction,  close  to  the  origin,  and  all  the 
intensities  are  considerably  below  those  usual  in  such  experi- 
ments. Curve  a,  fig.  4,  is  plotted  from  the  observations  of 
Konig,  in  so  far  as  they  lie  within  this  region,  and  shows  how 
completely  even  moderate  conditions  of  adaptation  change  the 
ordinary  conception  of  the  increase  of  Fechner's  fraction  at 
low  intensities.  Curve  b  was  drawn  through  the  observations 
before  the  points  representing  the  most  complete  adaptation 
were  added.  It  shows  only  a  slight  increase  in  Fechner's 
fraction  until  one  gets  down  fairly  into  the  region  of  rod  vision 

and  then  the  values  of  — -   go  wild,  varying  from  less  than  five 

per  cent,  to  perhaps  70  per  cent,  for  the  same  illumination. 
^At   a   slightly  greater   illumination,   say   half   a   meter-candle, 
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there  is  still  considerable  variation  in  Fechner's  fraction,  but 
of  a  far  less  conspicuous  character.  The  region  of  great  varia- 
bility is  not  entered  until  one  reaches  the  point  at  which  cone 
vision  practically  ceases  and  is  replaced  by  nearly  pure  rod 
vision.  This  point  appears  to  be  at  or  a  little  below  0.2  meter- 
candle.  At  this  point  in  the  diagram  begin  the  large  variations 
of  Fechner's  fraction,  corresponding  to  the  state  of  dark  adapta- 
tion of  the  eye.  This  in  turn  corresponds  to  the  variations  in  the 
amount  of  visual  purple  which  affects,  at  least  for  anything  ex- 
cept extreme  adaptation,  the  rods  only. 

The  point  of  the  full  establishment  of  rod  vision  is  therefore 
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Fig.  4.  — Effect  of  adaptation  of  the  eye  on  the  precision  of  photometric 
measurements  at  low  intensities  of  illumination. 


set  by  these  observations  practically  at  the  same  point  established 
by  Dow3  by  the  radically  different  process  of  determining  the 
point  at  which  the  failure  of  cone  vision  causes  the  color  sense  to 
vanish.  This  point  may  fairly  be  considered  to  represent  the 
dividing  line  between  cone  and  rod  vision  for  a  moderate  degree 
■  f  dark  adaptation.  It  will  be  noticed  in  looking  at  fig.  4  that 
down  to  the  neighborhood  of  this  point  Fechner's  fraction  remains 
quite  uniform  and  save  for  the  variations  due  to  varying  adapta- 
tion at  about  the  same  value  found  for  5  meter-candles  or  more. 

~  Pin,     PhYS.  Soc.  /.oud.    vol.  20,  p.  245. 
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What  now  is  the  effect  of  a  greater  degree  of  dark  adaptation? 
The  dotted  points  added  to  fig.  4  in  the  corner  near  the  origin 
answer  this  question,  at  least  in  part.  These  points  are  es- 
tablished by  the  comparison  of  very  faint  lights  on  the  photom- 
eter bar.  The  room  was  thoroughly  darkened,  the  lights  care- 
fully screened  and  the  utmost  care  was  taken  to  avoid  exposure 
of  the  working  eye  to  light.  The  right  eye  was  used  for  the 
comparisons  and  the  left  for  reading  the  scale.     Under  these 

circumstances  —   even  for  illuminations  down  to  a  one  or  two 

hundredths  of  a  meter-candle  remained  sensibly  the  same  as  the 
value  found  for  ordinary  moderate  intensities  on  the  screen. 
Even  here  the  dark  adaptation  was  far  from  complete,  having 
extended  over  periods  not  much  exceeding  one  quarter  of  an 
hour. 

It  therefore  appears  that  with  fairly  thorough  dark  adapta- 
tion the  value  of  Fechner's  fraction  remains  sensibly  constant 
from  its  values  at  ordinary  illuminations  down  certainly  to  a 
few  hundredths  of  a  meter-candle.  The  rapid  increase  of 
Fechner's  fraction  which  has  often  been  noted  at  illuminations 
near  and  below  1  meter-candle  seems  to  be  due  wholly  to  imper- 
fect dark  adaptation.  How  much  further  down  toward  the 
threshold  of  vision  the  fraction  holds  to  its  nearly  uniform  value 
can  be  told  only  by  pushing  dark  adaptation  as  nearly  to  the 
limit  as  is  practicable.  Without  great  care  in  adaptation  the 
values  obtained  vary  enormously  as  one  enters  the  region  of  rod 
vision.  With  it,  the  curve  representing  Fechner's  fraction  be- 
comes practically  a  straight  line  parallel  to  the  horizontal  axis. 

Theoretically  this  point  is  of  considerable  interest  as  show- 
ing the  precision  of  the  psycho-physical  law;  practically  it  is  of 
importance  as  showing  the  imperative  necessity  of  care  and  good 
dark-adaptation  whenever  photometry  at  very  low  intensity  is 
undertaken.  The  phenomena  observed  in  making  photometric 
balances  near  the  limit  of  visibility  are  very  curious,  and  they 
bear  out  in  an  interesting  way  the  observations  of  Burch,  re- 
corded in  the  Philosophical  Transactions,  a  few  years  ago. 

When  first  attempting  to  make  the  photometric  balance  the  con- 
ditions seemed  quite  hopeless,  the  field  being  a  faint  blur  of  light 


bell:     photometry  at  very  tf>w  entensities         079 

confused  by  a  shadowy  and  irregular  flicker.  As  adaptation  pro- 
ceeded the  field  grew  brighter  and  then  suddenl)  the  centra!  spot 
would  flash  out,  showing  the  contrast  one  way  or  the  ether,  which 

permitted  readjustment.  Finally,  the  blnr  cleared  away  and  a 
set  of  consistent  settings  could  he  obtained  quite  comparable 
m  precision  with  those  reached  at  much  higher  intensities.  No 
attempt  was  made  to  get  readings  until  this  comparatively  stable 
state  was  reached,  when  settings  could  be  made  in  the  ordinary 
manner  and  with  a  facility  that  at  the  beginning  of  adaptation 
seemed  entirely  out  of  the  question. 

No  quantitative  acuity  observations  were  attempted  at  this 
point,  but  the  conditions  of  vision  were  such  as  to  show  very 
much  greater  acuitv  than  with  the  unadapted  eye.  This  con- 
dition tends  to  bear  out  a  statement  of  Uhthoff  quoted  by 
Kdnig,4  that  eyes  in  which  visual  acuteness  was  great  showed 
most  quickly  the  dazzling  effect  of  too  much  light ;  while  eyes 
feeble  in  acuteness  endured  it  much  better,  thus  indicating  a 
close  inter-relation  between  acuity  and  the  conditions  of  adapta- 
tion. 

The  reference  to  Burch's  researches  introduces  another  point 
regarding  vision  in  dim  light  which  deserves  further  study. 
Burch  found  that  with  very  prolonged  adaptation,  extending 
over  one  or  several  hours,  the  color  sense  returned  so  that  color 
perception  could  be  carried  down  to  the  very  threshold  of  vision. 
The  author  has  not  had  opportunity  to  follow  up  in  that  direc- 
tion the  investigations  here  recorded,  but  an  observation  made 
three  years  ago  throws  an  interesting  sidelight  on  the  matter. 
The  author  at  that  time  was  examining  the  spectrum  of  the 
aurora  by  means  of  a  pocket  spectroscope.  The  degree  of  il- 
lumination, although  the  aurora  was  fairly  bright  as  auroras 
a  as,  of  course,  very  low,  certainly  well  within  the  region 
ordinarily  relegated  to  rod  vision.  Yet  the  spectrum  presented 
the  appearance  shown  in  fig.  5.  Four  of  the  well  known  auroral 
lines  were  plainly  visible  and  the  two  in  the  blue  end  of  the 
spectrum,  while  very  faint,  were  unmistakably  blue  and  no; 
greenish  like  the  others.  The  place  of  observation  was  on  a 
mountain  top  without  trace  of  disturbing  light  of  any  kind  ami 
the  blue  lines  came  out  only  after  prolonged  observation    cor- 

4  Salurr  vol.  .}!,  p.  47*>. 
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responding  to  an  adaptation  period  of  probably  at  least  half  an 
hour.  Other  spectroscopic  observations  of  very  faint  sources  have 
given  the  writer  similar  evidence  of  unexpected  color.  These 
intimations  of  returning  color  vision  with  prolonged  adaptation 
are  pertinent  in  connection  with  the  observations  of  Dr.  Ed- 
ridge  Green5  in  which  he  found  in  the  retina  of  monkeys  kept 
in  the  dark  for  forty-eight  hours  a  migration  or  development 
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Fig.  5.— Auroral  spectrum  observed  September  4,  1908. 

of  the  visual  purple  fairly  within  the  fovea  where  it  was  found  be- 
tween the  cones. 

To  recapitulate ;  with  the  imperfectly  adapted  eye  exposed  to 
casual  light  and  never  given  a  fair  opportunity  for  regenera- 
tion of  the  visual  purple,  the  value  of  Fechner's  fraction  rapidly 
rises  below  I  meter-candle  and  both  shade-perception  and  acuity 
are  uncertain.  With  illuminations  near  and  below  0.2  meter- 
candle  the  value  of  Fechner's  fraction  obtained  becomes  practical- 
ly a  function  of  adaptation  and  has  no  significant  average  value. 
With  reasonably  good  dark  adaptation  Fechner's  fraction  be- 
comes substantially  a  constant,  down  to  the  very  lowest  illumina- 
tions observed.  Acuity  shows  fgreat  increase  by  prolonged 
dark-adaptation  and  there  are  found  at  least  signs  of  returning 
color  vision. 

DISCUSSION. 

Dr.  P.  IV.  Cobb : — This  paper  emphasizes  especially  two 
points  that  I  think  are  very  interesting,  first  in  regard  to  the 
change  in  the  functions  of  the  eye  under  different  intensities 
of  illumination  and  second  the  time  required  under  any  particular 
intensity  for  the  functions  of  the  eye  to  reach  a  constant  value. 

c  Berl.  klin.  IVchschr.,  1909. 
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1  'erhaps  the  most  striking  work  that  has  ever  been  done  on  this 
question  is  the  work  of  Piper,  which  Dr.  Bell  has  quoted  here,  and 
the  results  of  which  are  shown  graphically  in  figure  3.  The 
ordinate  is  the  sensibility  of  the  eye  measured  by  the  reciprocal 
of  illumination  required  on  the  surface,  (a  square,  whose  side 
represented  18  degrees  in  the  visual  field)  to  make  that  surface 
just  visible  and  it  was  found  that  in  two  of  the  eight  subjects  so 
used,  that  the  sensibility  of  the  eye  increased,  as  Dr.  Bell  says, 
some  eight  thousand  times  in  the  course  of  an  hour  spent  in 
darkness.  The  increase  was  slow  for  ten  minutes,  then  more 
rapid,  and  the  maximum  was  reached  in  45  minutes  or  an  hour. 
The  smallest  increase  noted  in  any  of  those  eight  subjects  was 
about  1, 500- fold.  These,  it  must  be  understood,  are  figures 
which  relate  to  the  least  perceptible  stimulus  that  will  be  per- 
ceived as  light  at  all.  It  is  reasonable  to  suppose  that  other 
functions  of  the  eye  would  undergo  a  change  in  a  somewhat 
similar  way  during  a  certain  time  immediately  after  the  eye 
has  been  removed  from  a  high  illumination  to  a  low  one. 

It  has  been  shown,  whenever  the  functions  of  the  eye  have  been 
investigated  exhaustively  under  as  nearly  identical  conditions 
as  possible  and  over  an  extremely  wide  range  of  illuminations, 
that  when  a  very  low  illumination  is  reached,  the  mathematical 
relation  between  illumination  and  the  sensibility  of  the  eye  is 
different  from  the  one  found  to  hold  at  higher  illuminations.  In 
the  case  of  Fechner's  fraction  that  same  difference  has  been 
found.  Over  a  wide  range,  at  what  we  call  moderate  intensities 
Fechner's  fraction  for  white  light  is  practically  a  constant. 
Below  this  range  the  fraction  increases  with  decrease  of  illumina- 
tion. The  series  of  observations  of  Konig  and  Brodhun  is  the 
most  complete  set  of  values  for  Fechner's  fraction  that  we  have, 
and   Dr.   Bell  has  plotted  the  results   obtained   by    Konig,. 

Then  arises  in  the  case  of  very  low  intensities  the  question  of 
the  difference  in  Fechner's  fraction  which  will  result  if  time 
is  allowed  for  the  complete  adaptation  of  the  eve  to  take  place, 
for  the  eye  to  a=sume  its  maximum  possibility  for  those  inten- 
sities. 

In  the  work  of  Konig  and  Brodhun,  I  found  upon  reference 
to  the  original  paper,  that  the  observer  was  kept  in  the  dark  by 
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means  of  a  curtain  of  black  material  enclosing  a  small  space  in 
which  he  sat.  The  eye-piece  of  the  instrument  was  put  through 
a  hole  in  this  curtain.  It  was  stated  that  the  observer  was  kept 
as  far  as  possible  in  darkness  during  the  course  of  the  observa- 
tions, but  it  is  not  stated  how  long  he  remained  there  before  the 
observations  were  begun. 

Dr.  Bell's  results  are  quite  startling.  By  waiting  about  fifteen 
minutes  in  darkness  he  finds  that  the  photometric  sensibility  of 
the  eye  is  increased  about  ten-fold,  that  is,  Fechner's  fraction 
decreases  to  about  one-tenth  of  its  initial  value.  He  also  gives 
an  additional  hint  on  the  eighth  and  ninth  pages  of  the  paper 
as  to  how  the  photometrist  may  judge  a  favorable  time  for  making 
a  setting:  "When  first  attempting  to  make  the  photometric  bal- 
ance the  conditions  seemed  quite  hopeless,  the  field  being  a  faint 
blur  of  light  confused  by  a  shadowy  and  irregular  flicker.  As 
adaptation  proceeded  the  field  grew  brighter  and  then  suddenly 
the  central  spot  would  flash  out."  This  phenomenon  can  be 
readily  observed  by  attempting  to  read  very  coarse  print  in  a 
light  at  first  too  feeble  to  reveal  the  letters.  After  a  short  in- 
terval, as  adaptation  proceeds,  the  letters  will  be  seen  to  flash 
into  visibility  at  times  for  an  instant  and  disappear,  being  quite 
distinct  at  one  moment  and  totally  obscure  the  next. 

One  of  the  things  which  at  first  sight  would  seem  to  stand  out 
against  the  theory  that  the  rods  in  our  retina  and  the  cones  act 
independently  is  the  reappearance  of  colors  with  adaptation  at 
low  intensities.  According  to  the  duality  theory,  the  cones  are 
capable  of  transmitting  to  consciousness  either  color  sensations 
01  colorless  (simple  brightness)  sensations.  They  do  not  in- 
crease greatly  in  sensibility  at  low  intensities  of  illumination. 
The  rods,  on  the  other  hand,  are  capable  only  of  simple  bright- 
ness sensation,  not  of  color  sensation  at  all,  but  increase  tremen- 
dously in  sensibility  after  an  interval  at  low  illuminations. 
Arguing  from  this  point,  the  increased  sensibility  of  the  eye 
resulting  from  dark-adaptation  should  be  an  increase  in  bright- 
ness sensibility  alone,  and  not  of  color  sensibility. 

Burch  found  however  that  after  two  hours  adaptation  to 
complete  darkness  he  was  able  to  see  color  at  the  lowest  in- 
tensities sufficient  to  cause  any  sensation,  which  could  not  be  the 
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if  the  rods  acted  alone  ami  were  incapable  of    furnishing 
color  sensations. 

Dr.  Bell  reports  near  the  close  of  his  paper  that  he  was  able 
to  see  color  in  the  spectrum  of  the  aurora  after  a  half  hour's 
adaptation  to  darkness,  when  the  illumination  was  extremely 
feeble, — probablv  well  within  the  limits  ordinarily  assigned  to 
rod-vision.  This  observation  tends  to  the  same  conclusion  as 
that  of  Burch,  namely,  that  the  duality  theory,  like  the  other 
theories  brought  forward  to  explain  light  and  color  vision  falls 
short  of  completeness. 

Prof.  S.  W.  Ashe: — Dr.  Hell's  paper  calls  attention  to  one  of 
the  most  difficult  problems  in  photometry  of  the  present  day, 
that  is  the  photometry  of  lights  of  low  intensities.  Some  of 
us  may  feel  that  in  the  flicker  photometer  at  ordinary  intensities. 
there  is  a  means  of  fairly  accurately  measuring  light  differing  in 
color.  Dr.  Bell's  paper  gives  considerable  valuable  information 
on  the  photometry  of  lights  of  low  intensities  similar  in  color. 
At  present,  however,  the  problem  of  photometering  light  differ- 
ing in  color  at  very  low  intensities,  is  yet  to  be  solved.  Probably 
there  are  three  physiological  factors  which  must  be  considered, 
namely  adaptation,  glare,  and  fatigue.  Dr.  Bell  deals  quite 
fully  with  the  importance  of  adaptation  and  also  with  the 
necessity  of  eliminating  all  glare.  I  do  not  think,  however,  that 
Dr.  Bell  had  laid  sufficient  stress  on  the  matter  of  fatigue,  which 
must  be  carefully  watched  for,  and  the  duration  of  measure- 
ments regulated  accordingly,  if  one  e  get  accurate  re- 
sults. That  is,  there  is  a  certain  definite  period  over  which  one 
can  work.  Beyond  that  one  must  desist  because  the  element  of 
fatigue  impairs  the  result-  obtained.  Fatigue  is  especially  notice- 
able where  one  is  working  with  light  of  low  intensity. 

There  i-  one  other  point  to  which   1   wish  to  direct  attention; 
that  is  the  curve  in  fig.  4.     1  don't  think  that  the  accuracy  there 
is  very  great.     Down  near  the  abscissae  the  variation 
show,  but  T  think  the  variation  in  the  reading  calculation  would 
forty   or   fifty   per   cent. 

Dr,  II.   ]':.   Ives: — I   have  been   very  much  interested  in  this 
paper  of  Dr.    Bell's,  because  recently  I  have  been   doing 

-8 
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work  along  a  slightly  different  line,  which  however  seems  to 
offer  many  similarities.  Perhaps  they  are  very  fundamental 
similarities.  I  have  been  working  during  the  past  two  years  on  the 
general  question  of  the  photometry  of  lights  of  different  colors. 
Now,  in  order  to  unravel  some  of  the  rather  obscure  phenomena 
of  the  flicker  photometer,  I  have  lately  been  studying  the  ques- 
tion of  critical  frequency.  You  all  know  that  a  sector  disk  rotat- 
ing fast  enough  will  no  longer  appear  to  flicker.  The  speed  at 
which  flicker  disappears  is  called  the  critical  frequency.  If  the 
logarithm  of  the  illumination  is  plotted  against  the  critical  fre- 
quency a   straight   line   is   obtained.     The   phenomenon   in    fact 

follows  Fechner's  law,    ■=—  ,  corresponding  to  a  constant  speed 

difference.  Above  an  illumination  of  about  0.25  meter-candle 
the  straight  line  for  white  light  has  one  slope.  At  this  illumina- 
tion the  line  takes  a  sharp  turn  and  continues  at  a  different  angle, 
that  is,  the  Fechner  fraction  changes  in  value. 

I  have  been  studying  these  straight  lines  for  the  various  spec- 
trum colors,  with  rather  interesting  results.  For  the  different 
colors  in  the  spectrum  I  find  that  straight  lines  of  different  in- 
clinations are  obtained.  Red  light  plots  as  a  line  at  one  angle, 
blue  another.  If  the  illumination  is  decreased,  the  line  for  red 
goes  straight  on  down,  but  the  line  for  the  blue,  when  it 
reaches  a  certain  point,  abruptly  turns  and  continues  in  a  hori- 
zontal direction.  It  is  impossible  to  measure  blue  light  by  means 
of  critical  frequency  below  this  point.  Fechners  fraction  be- 
comes infinite.  Now  the  thing  that  interests  me  is  this  connec- 
tion which  Dr.  Bell  has  suggested,  between  the  presence  of  the 
sensation  of  color,  and  the  value  of  Fechner's  fraction.  This 
point  where  the  blue  curve  gives  a  sharp  turn,  is  also  the  point 
where  the  color  no  longer  is  blue,  but  is  gray,  where,  according 
to  one  view,  the  change  takes  place  from  cone  to  vis1'on  I 
have  not  so  far  tried  the  effect  of  adaptation.  It  may  be  that 
with  a  dark  adapted  eye  this  blue  curve,  instead  of  striking  off 
horizontally  may  go  straight  on  down,  just  as  the  red  curve  does 
At  any  rate,  it  seems  to  me  very  suggestive,  and  I  am  ex- 
ceedingly glad  that  the  point  has  been  brought  out,  that  perhaps 
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we  have  here  a  criterion  as  to  when  settings  at  low  intensity 
should  be  made.  Perhaps  when  we  can  see  color,  we  are  ready 
to  make  photometric  measurements.  I  think  we  all  remember 
the  story  in  history  that  when  Dr.  Bell's  home  town  was  being 
attacked  by  the  Red  Coats,  the  patriots  were  ordered  not  to  fire 
until  they  could  see  the  color  of  the  enemy's  eyes.  Perhaps  the 
future  text  book  on  photometry  will  contain  the  admonition 
"Don't  make  you  settings  until  you  can  see  the  color  of  the  field !" 

Dr.  E.  P.  Hyde : — Dr.  Cobb,  as  I  understood  him,  could  not 
rind  a  statement  in  Dr.  Bell's  paper  as  to  the  time  of  adaptation. 
Un  the  eighth  page  of  the  paper  at  the  end  of  the  first  paragraph 
Dr.  Bell  says,  "Even  here  the  dark  adaptation  was  far  from  com- 
plete, having  extended  over  periods  not  much  exceeding  one 
quarter  of  an  hour." 

Prof.  Ashe  comments  on  the  accuracy  of  Dr.  Bell's  curve. 
I  do  not  think  from  reading  Dr.  Bell's  paper  that  he  means  to 
convey  the  impression  that  the  curve  is  extremely  accurate,  lie 
rather  wants  to  bring  out  the  point  that  when  some  attempt  is 
made  at  adaptation,  when  some  time  is  given  for  adaptation, 
the  ordinates  are  considerably  reduced.  Whether  or  not  Dr. 
Bell's  curve  rises  rapidly  near  the  axis  of  ordinates  doesn't  seem 
t<>  be  of  any  great  significance.  As  the  curve  rises  the  sensibility 
drops  off,  because  the  adaptation  hasn't  been  carried  to  very  low 
values.  The  black  dots  show  that  if  one  does  take  the  pain-  t" 
get  very  excellent  adaptation  if  one  does  give  sufficient  time  for 
adaptation  to  very  low  illuminations,  then  the  ordinate  is  con- 
siderably reduced  even  at  these  very  low  illuminations. 

There  -are  one  or  two  things  that  I  should  like  to  add  in  the 
way  of  discussion.  One  point  which  is  suggested  by  Dr.  Bell's 
paper  but  which  Dr.  Bell  does  not  attempt  to  cover,  is  the  ques- 
tion of  the  adaptation  of  the  eye  in  ordinary  photometric  ob- 
servations. Dr.  Bell  is  concerned  with  the  adaptation  of  the  eye 
to  photometric  observation^  when  the  intensity  of  illumination 
is  very  low,  and  the  conclusion  is  that  the  adaptation  should 
be  for  a  long  period  and  to  a  very  low  illumination.  Now,  a  very 
practical  question  which  has  arisen  in  my  own  work,  and  which 
I  am  sure  it  has  come  into  the  experience  of  other-,  is  that  of 
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the  proper  adaptation  in  ordinary  photometric  work.  If  one 
is  working  with  an  intensity  of  illumination  of  fifteen  or  thirty 
meter-candles,  should  his  eye  be  adapted  as  nearly  as  possible  to 
perfect  darkness,  or  should  it  be  adapted  to  an  illumination  of 
the  same  magnitude  as  that  at  which  the  settings  are  to  be  made? 
To  put  it  even  more  explicitly,  is  it  a  good  thing  to  cover  the  light 
sources  and  make  the  walls  of  the  room  perfectly  black  when 
one  is  going  to  make  photometric  observations  in  a  photometer 
where  the  illumination  is  thirty  meter-candles?  It  would  seem 
to  me,  that  without  specific  knowledge  to  the  contrary,  it  would 
be  better  to  have  the  general  illumination  of  the  same  order  of 
magnitude  as  that  of  the  photometer  field  where  settings  are  to 
be  made,  rather  than  to  have  the  eye  adapted  to  a  very  low 
intensity  of  illumination.  I  am  inclined  to  think  that  as  we  study 
this  question  of  the  relation  between  the  intensity  of  illumination 
at  which  settings  are  to  be  made  and  the  intensity  of  illumination 
to  which  the  eye  is  adapted  we  shall  find  that  the  sensibility  of 
the  eye  at  any  intensity  of  illumination  is  greatest  when  the  eye 
has  been  adapted  to  an  illumination  of  the  same  intensity.  Dr. 
Bell's  paper  suggests  a  very  interesting  research  for  someone  in 
a  study  of  the  variation  in  the  Fechner  fraction  for  ordinary  in- 
tensities of  illumination  when  the  eye  is  successively  adapted  to 
various  intensities  of  illumination  extending  over  a  wide  ranee. 
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THE   DISTRIBUTION   OF   LUMINOSITY   IX    NATURE.1 


BY    HERBERT    K.    IVES   AND    M.    LUCKIESH. 


There  is  little  dispute  that  in  natural  daylight  illumination. 
out  of  doors,  one  finds  some  of  the  most  pleasing  distributions 
ol  light.  There  can  also  be  no  question  that  the  human  eye 
has  by  adaptation  become  most  accustomed  to  these  distribu- 
tions, and  finds  in  them  its  most  healthful  activity.  It  is  still, 
however,  an  open  question  whether  under  the  practise  of  con- 
tinuing human  activities  into  the  night — a  practise  comparatively 
new  in  terms  of  the  history  of  the  race — the  same  character  of 
illumination  conditions  as  in  daylight  are  best.  ( )r  ought  arti- 
ficial light  indeed  be  markedly  different  in  composition  and 
distribution  from  natural  light?  Only  experience  and  refined 
physiological  methods  of  testing  can  settle  this  question.  How- 
ever, the  generally  admitted  fitness  of  daylight  conditions  to  the 
eye  has  made  the  natural  light  of  the  sun  and  sky  a  rather  fre- 
quent standard  to  which  artificial  systems  are  compared.  Thus 
a  purely  indirect  system  finds  adherents  because  it  simulates  the 
extended  bright  sky;  localized  lighting  gives  the  directed  shad- 
ows <>f  sunlight,  and  combinations  of  the  two  imitate  more  or 
:losely  the  partly  directed  and  partly  diffused  light  of  day. 

Now.  whatever  one's  opinion,  or  the  ultimate  weight  of  evi- 
dence as  to  the  advisability  of  imitating  daylight  at  night,  it  is 
nevertheless  of  interest  and  importance  to  know  with  some  defi 
niteness  what  the  pleasant  daylight  conditions  actually  are.  That 
done,  it  will  be  possible  to  imitate  them  artificially  with  proba- 
bly greater  exactness  than  do  any  present  installations  which 
frankly  claim  similarity  to  daylight  distribution  as  one  of  their 
advantagi 

A  complete  analysis  of  daylight  illumination  would,  of  course, 
be  very  elaborate.     In  it  the  questions  of  intensity  of  illumina- 
tion, color  of   illumination,   direction,   diffusion,   and   other    ft.- 
must   enter.     The  present   study   i-  confined  to  the  distri- 

1  A   paper   read   at   the   fifth    annual   convention   of  th;    Illuminating    Engineering 
Society.  Chicago.  September  25,  26.  27  and  28,  1911. 
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bution  of  surface  brightness  in  certain  cases  of  out-of-door  il- 
lumination. Up  to  the  present  little  more  has  been  done  than  to 
develop  the  method.  Some  results  are,  however,  presented  and 
offer  several  points  of  interest. 

It  was  thought  proper  to  study  surface  brightness  rather  than 
intensity  of  illumination  because  the  various  surfaces  out  of 
doors  are  of  different  reflecting  power  from  those  of  interiors. 
A  close  reproduction  of  the  direction,  intensity  and  diffusion  of 
daylight  would  not  necessarily  give  a  similar  result  in  a  room, 
while  a  distribution  of  surface  brightness  could  be  copied  by 
proper  choice  of  wall  coverings  and  furniture.  In  other  words 
the  data  here  obtained  would  be  suitable  for  an  illuminating  en- 
gineer who  had  the  privilege  of  specifying  the  wall  paper  as 
well  as  the  lighting  units. 

A  photographic  method  of  photometry  has  been  used  for  the 
obvious  reason  that  the  number  of  readings  which  would  be  re- 
quired, and  the  constantly  varying  intensity  of  illumination, 
practically  prohibit  the  use  of  an  illuminometer.  The  details 
of  the  method  follow : 

In  order  to  use  the  photographic  plate  in  photometry  its  sen- 
sibility to  lights  of  different  colors  must  be  like  that  of  the  eye. 
Ordinarily  this  is  not  so.  All  photographic  plates  have  their 
maximum  sensitiveness  for  blue  or  violet  light;  orthochromatic 
and  isochromatic  plates  are  also  sensitive  to  green,  yellow  and 
red,  to  varying  degrees,  but  never  so  sensitive  to  those  colors 
as  to  blue. 

The  first  step  in  the  investigation  was  then  the  preparation  of 
an  absorbing  screen  or  "ray  filter"  which  would  make  photo- 
graphic action  for  different  colors  proportional  to  visual  bright- 
ness. This  means  that  the  sensitiveness  of  the  plate  to  the 
spectrum  must  be  as  the  luminosity  curve  of  the  normal  eye. 
Such  a  screen  was  made  by  experiment,  using  various  dyes  in 
gelatin  films  on  glass.  First  a  set  of  test  patches  were  exposed, 
for  a  given  fixed  time,  the  illumination  being  different  for  each. 
This  negative  was  developed  for  a  certain  number  of  minutes 
in  developer  of  standard  composition  and  temperature.  Each 
patch  on  the  plate  then  corresponded  to  a  known  illumination. 
Next  spectrograms  of  a  white  sunlit  surface  were  taken  using 
the  same  time  of  exposure  and  procedure  in  development.  Meas- 
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urements  of  density  on  ;i  photometer  made  possible  a  plot  of  1 1 1  * ■ 

relative  illumination  value  of  each  color  as  rendered  by  the  plate. 
After  considerable  experiment  a  screen  was  produced,  whose  con- 
stituents were  rhodamine,  tartrazine,  naphthol  green  and  aesculin, 
which  fulfilled  the  desired  conditions.  In  fig.  1  are  plotted  the 
luminosity  curve  of  the  spectrum  for  sunlight1  (full  line),  and 
(circles)  the  rendering  of  the  spectrum  by  the  plates  used  (Cram- 
er spectrum)  with  the  special  screen.  The  approximation  is 
sufficiently  close  for  the  present  purpose. 

A  photograph  made  through  this  screen  can  be  measured  for 
density  at  any  point,  and  the  distribution  of  brightness  in  the 


/  x 

0/ 


wave-  lengf-ri 

Hig.  1.     I.uminoMty  curve  of  white  light  spectrum  (full  line).     Rendering  of  tlii-> 
curve  by  plates  and  ray  filter  use-1  (circles). 

field  of  view  be  represented  by  a  set  of  plots  or  by  a  solid  figure. 
The  preparation  of  such  a  set  of  plots  or  solid  figure  did  not, 
for  the  present,  seem  as  feasible  or  as  useful  as  would  some  kind 
of  average;  in  particular,  an  average  of  the  vertical  distribution 
of  brightness  through  the  angle  of  vision  of  the  eye.  To  ob- 
tain such  an  average  it  was  necessary,  because  of  the  narrow 
angle  of  available  photographic  lenses,  first  of  all  to  make  a 
Dumber  of  exposures — six — in  order  to  photograph  the  complete 
field  between  700  below  the  horizontal  and  50°  above,  with  suffi- 
cient  overlapping  for  safety.  Xext  some  arrangement  was  nec- 
v  in  order  to  perform  the  averaging  operation  automatically. 
For  this  purpose  a  cylinder  of  glass  was  placed  before  the  pho- 
tographic 1-n-.  or,  what  was  practically  equivalent,  a  l>ottle  filled 
with  a  solution  of  chloral  hydrate  in  glycerin.  This  strong  cyl- 
indrical lens  had  the  effect  of  throwing  everything  badly  out  of 
focus  horizontally,  leaving  the  vertical  definition  practically  un- 
affected. 

1  H.  K.Ives.  /'»,;./      /    /.     s.    Oct..  19:0. 
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On  each  plate  two  exposures  were  made,  one  without  the  aver- 
aging device ;  the  other  with  it.  The  two  exposures  were  kept 
separate  by  the  use  of  two  special  diaphragms  in  front  of  the 
plate.  Fig.  2  shows  the  camera  as  arranged  for  tilting  to  var- 
ious angles  and  for  holding  the  bottle.  To  the  right  are  shown 
the  two  diaphragms,  one  with  a  narrow  slot  for  the  bottle  ex- 
posure, one  with  the  complementary  opening  for  the  unaveraged 


Fig.  2.— Special  camera  of  photographing  vertical  distribution  of  brightness. 


picture.  The  opaque  portion  of  the  latter  diaphragm  is  made 
extra  wide  so  as  to  leave  an  unexposed  space  against  which  the 
densities  of  the  averaged  strip  may  be  measured.  The  mode  of 
action  will  be  readily  comprehended  after  examination  of  the 
photographs  so  made  (figs.  3  to  o).2  A  panoramic  camera  ar- 
ranged to  rotate  around  a  horizontal  axis  would  obviously  have 
been  preferable,  but  one  was  not  available. 

a  In  inspecting  the  illustrations  it  must  be  remembered  that  the  range  of  gradation  of 
the  photographic  plate  is  much  less  than  the  range  of  intensities  in  nature,  and  that  there 
is  a  further  loss  in  the  printing  process.  Consequently  the  prints  do  not  show  the  extremes 
of  light  and  shade  which  the  measuring  process  show  to  have  existed  in  the  original  views. 
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RESULTS. 

A  number  of  photographs  of  out-door  scenes  arc  shown   in 

3  to  9,  and  in  figs.  3a  to  9a  arc  given  plots  of  the  average 

distribution  of  brightness  in  the  vertical  plane.     In  taking  these 

pictures  an  effort  was  made  to  secure  typical  out-of  door  views 

of  a  well  marked  pleasant  or  unpleasant  character  as  judged  b) 
the  authors  at  the  time.  What  constitutes  pleasant  and  un- 
pleasant is  of  course  to  a  large  degree  a  matter  of  personal 
opinion,  and  it  i-  only  a  personal  judgment  that  is  here  presented. 
The  aim  was,  however,  to  select  views  of  such  well  marked 
character  that  there  was  little  room  for  difference  of  opinion. 
The  pictures  include  two  pleasant  landscapes,  two  views  of  the 
same  open  landscape  under  different  conditions  1  pleasant  and 
unpleasant),  a  shady  place  in  a  park  (pleasant),  a  city  street 
1  indifferent),  and  two  street  views  of  markedly  unpleasant  but 
yet  instructive  character.  In  the  search  for  these  views  a  great 
deal  was  learned — almost  more  than  from  the  pictures  them- 
selves. The  most  striking  fact — impressed  upon  the  authors 
after  many  miles  of  tramping  in  parks  and  suburbs — is  that  na- 
ture is   far  from  uniformly  pleasant  to  gaze  upon.     In    fact  it 

been  home  in  upon  us  that  the  chief  difference  between  § 
and  bad  in  a  landscape  consists  in  one  thing,  namely,  the  presence 
■  >r  absence  of  long  shadows.  The  same  scene,  observed  at  mid- 
day with  the  sun  overhead  and  then  pronounced  glaring  and 
ugly,  will  in  early  morning  or  late  afternoon  be  bearable  or  even 
charming.  Similarlv  on  over-cast  day-,  without  the  din 
shadows  of  sunlight,  an  attractive  land-cape  becomes  dull  and 
characterle-s.  Compared  to  the  sky  a-  a  standard  the  average 
brightness  of  the  foreground  is  at  one  extreme  with  midday  sun, 
at  the  other  with  the  overcast  sky.     Neither  1  and   from 

the  autlv  rvations,  as  illustrated  in  the  figures  which  fol- 

l"\v.  it  seems  improbable  that  a  mere  mean  of  the  two  conditions 
would  introduce  the  attractive  characteristics  given  by  the  variety 
of  light  and  shade  under  oblique  sunlight. 

Tin-  observation  has  an  immediate  bearing  on  artificial  il- 
lumination, for  in  nearly  every  case  our  artificial  light  whether 
direct  or  indirect,  comes  from  overhead,  the  very  condition  under 
which  nature  i^  leasl  pleasing.  Lighting  by  table  lamp-  or  Wall 
bracket- — in   either  ca-e   OUt   of   the   observer's   line   of   vi-ion — 
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Fig.  3.— View  near  Rocky  River,  Cleveland.        Fig.  4.— View  at  Rocky  River,  Cleveland. 
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would  thereTore  appear  to  conform  more  nearly  to  pleasant  nat- 
ural conditions.  This  matter  is  dwelt  upon  because,  while  one 
of  the  most  important  factors,  it  might  yet  escape  the  photo- 
graphic averaging  method. 

A   brief   description  of  the   several  photographs  will  assist    in 
drawing  conclusions. 


Fig.  y&.-  Vertical  distribution  of 
brightness  for  fig.  3. 


Fig.  4a.     Vertical  distribution  of 
brightness  for  fig.  4. 


Fig.  3  is  a  view  at  Rocky  River,  near  Cleveland.  The  time  is 
late  afternoon.  The  sky  is  dull  and  cloudy.  The  sun  shines 
clearly  through  the  trees  to  the  right.  The  camera  is  in  the  midst 
of  trees.  The  spot  is  one  that  might  be  chosen  for  a  picnic. 
Fig.  3a  shows  the  vertical  distribution  of  brightness.  The  most 
conspicuous  feature  is  the  much  greater  brightness  of  the  sky 
than  of  the  foreground. 

Fig.  4,  also  at  Rocky  River,  was  taken  later  the  same  after- 
noon, after  the  foreground  had  passed  largely  into  the  shadow 
of  the  surrounding  tree-.  With  the  deep  blue  and  gray  of  the 
sky  flecked  with  small  bright  clouds  the  scene  was  altogether  a 
pleasing  and  restful  one.  There  is  here  an  even  greater  pre- 
dominance of  brightness  in  sky  as  compared  with  foreground 
(fig. 
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F'g-  5—  View  in  East  Cleveland. 


Fig.  6.— View  in  Wade  Park,  Cleveland. 
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Fig.  5a.— Vertical  distribution  of 
brightness  for  fig.  5. 


Fig.  5b.— Vertical  distribution  of 

brightness  for  fig.  5  (overcast  day; 


-Vertical  distribution  of 

brijjhtne-s  f  >r  I  . 


Fig.  ~a. — Vertical  distril" 
tilers  for  6] 
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hT-g.  -.— Residence  street  in  Cleveland. 


Fig.  8.— A  Cleveland  street. 
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Fig.  5  pictures  a  spot  in  Hast  Cleveland,  a  low  hill,  with  tree-. 
High  grass  and  dead  leaves  form  the  foreground.  The  sky  is 
clear  blue  with  a  few  light  clouds.  Behind  the  camera  the  after- 
noon sun  illuminates  the  scene.  The  brightest  spot  is  a  little 
below  the  center  of  the  picture,  the  two  darkest  in  the  shadows 
of  the  grass  near  the  camera  and  in  the  trees  near  the  center  of 
the  view.  The  sky  presents  the  portion  of  most  uniform  bright- 
ness, while  the  total  flux  of  light  above  the  horizontal  is  some- 
what more  than  that  below.  Except  for  one  bright  streak  in 
the  foreground,  the  sky  for  some  distance  above  the  horizon 
is  the  brightest  part  of  the  field  of  view.  As  the  zenith  is  ap- 
proached the  brightness  of  the  sky  considerably  decreases.  Fig. 
5b  shows  the  distribution  of  brightness  for  the  same  scene  on  an 
entirely  overcast  day.  The  difference  is  most  noticeable.  From 
being  only  a  little  brighter  as  a  whole  than  the  foreground,  the 
sky  is  now  about  four  times  as  bright  and  much  more  of  the 
total  flux  of  light  entering  the  eye  comes  from  it  than  before. 
This,  together  with  the  shadowless  condition  mentioned  above, 
makes  the  view  on  the  overcast  day  unpleasant. 

Fig.  6  is  a  photograph  taken  in  Wade  Park,  Cleveland.  It 
is  late  afternoon  on  a  clear  day,  the  sun  to  the  side  and  rear  of 
the  camera.  Here  the  most  striking  thing  is  the  much  greater 
brightness  of  the  sky  portions  as  compared  with  the  foreground 
(fig.  6a),  the  difference  being  considerably  greater  than  in  the 
overcast  day  view  just  described.  This  was,  however,  a 
pleasant  to  the  eye. 

Fig.  7  shows  a  typical  Cleveland  street,  such  as  thousands  of 
people  have  to  walk  over  every  day.  It  can  not  be  called  en- 
tirely pleasant  under  the  strong  sun  of  August,  yet  the  presence 
r>f  trees  and  shade  make  it  endurable.  The  picture  was  taken 
in  the  morning  on  a  sunny  day  with  a  rather  bright  misty  sky. 
The  two  chief  characteristics  are  the  dark  point  in  the  horizontal 
direction  and  the  three-  or  four-fold  brightness  of  the  sky  as 
compared  with  the  foreground. 

Fig.  8  is  a  view  taken  on  an  unshaded  paved  street  in  full 
noon  sunlight  r>n  a  clear  day.  with  blue  sky.  This  photograph 
was  taken  to  illustrate  the  condition  of  intense  glare  from  the 
pavement.     Here  the  flux  of  light  below  the  horizontal  is  greater 


698      TRANSACTIONS  OF  ILLUMINATING   ENGINEERING  SOCIETY 


Ha 


Fig.  8a. — Vertical  distribution  of 
brightness  for  fig.  8. 


Fig.  9. — A  Cleveland  street. 


Fig.  9a. — Vertical  distribution  of 
brightness  for  fig.  9. 
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by  several  times  than  that  above  and  the  brightest  part  of  the 
held  of  view  is  the  foreground. 

Fig.  •)  shows  another  street  view  representing  unpleasant  con- 
ditions. Taken  on  a  fairly  clear  day,  early  in  the  afternoon,  it 
-hows  a  light  flux  nearly  equal  above  and  below  the  horizontal, 
with  the  brightest  spot  in  the  foreground,  the  darkest  in  the  hori- 
zontal direction.  The  point  of  interest  about  this  picture  is 
that  it  the  observer  steps  back  into  a  recessed  doorway  so  that  the 
immediate  foreground  and  the  upper  portion  of  the  sky  are  re- 
placed by  comparatively  dark  shadows  the  view  becomes  quite 
attractive.     This  is  represented  by  the  dashed  lines  in  fig.  9a. 

Generalizations  from  so  few  cases  are  difficult;  many  are  not 
warranted.  A  few  facts,  however,  seem  to  show  clearly.  One 
is  that  the  eye  will  tolerate  a  greater  brightness  and  flux  of  light 
above  the  horizontal  than  below.     Thus  the  four  pleasant  c 

3  to  7)  all  show  this  peculiarity,  while  the  street  view? 
with  glaring  conditions  show  the  greater  flux  of  light  and  the 
brightest  spots  below  the  horizontal.  On  the  other  hand  the  case 
of  the  overcast  sky  shows  that  the  eye  will  not  tolerate  too  great  a 
flux  above  the  horizontal.  The  fact  of  the  matter  seems  to  be 
that  the  unpleasant  feature  in  each  case  is  the  presence  of  large 
areas  of  nearly  uniform  high  brightness.  The  eye  can  tolerate 
such  a  condition  in  the  case  of  the  sky,  as  shown  by  figs.  3. 
4.  5  and  6,  but  it  cannot  tolerate  uniform  high  brightness  in  the 

ground.  In  the  case  of  the  overcast  sky  (fig.  5b)  thi 
tended  bright  area  of  the  sky  does  not  appear  to  be  pleasant,  in 
apparent  contradiction  to  the  statement  just  made.  The  ex- 
planation seems  to  lie  in  the  fact  that  in  the  sky.  figs.  3.  4  and 
o.  there  i>  considerable  variety  of  light  and  dark  due  to  foliage 
and  clouds.  In  fact,  as  noted  in  the  discussion  of  long  shadows, 
the  difference  between  pleasant  and  unpleasant  conditions  seems 
to  lit-  chiefly  in  the  presence  or  absence  of  variety.  Tn  the  best 
landscapes  studied  by  us  the  ideal  condition  seemed  to  be  a  pre- 
ponderance of  brightness  in  the  sky,  with  a  foreground  showing 
marked  varieties  of  light  and  -hade,  occasioned  by  the  direct 
light  of  the  sun  falling  rather  obliquely.  The  diffused  light  of 
the  <^ky  alone  i<  apparently  not  intense  enough  or  properly  dir< 

If   satisfactory  for  illuminating  the   foreground  in 
the  presence  of  an  unbroken  area  of  bright  sky.     The  experiment 
-      9 
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of  observing  the  view  shown  in  fig.  9  from  within  the  shelter 
of  a  doorway  illustrates  some  of  the  conclusions  just  drawn,  for 
the  area  of  uniform  bright  pavement  surface  is  thereby  decreased 
and  a  pleasing  variety  of  light  and  shade  is  introduced. 

Lumeter  measurements  were  made  during  the  course  of  the 
work  in  order  to  give  some  idea  of  the  absolute  values  of  the 
surface  brightnesses  and  some  of  the  ratios  in  question.  Blue  sky 
measured  2.2  c-p.  per  sq.  in.  A  cumulus  cloud  in  the  same  sky, 
10.4  c-p.  per  sq.  in.  On  an  overcast  rainy  day  the  sky  had  a 
brightness  of  3.3  c-p.  per  sq.  in. ;  on  a  darker  overcast  day  the 
brightness  fell  to  1  c-p.  per  sq.  in.  A  cement  pavement  in  sun- 
light had  an  intrinsic  brightness  of  6  c-p.  per  sq.  in.  A  sunlit 
surface  and  the  same  surface  in  shadow  show  the  relation  be- 
tween the  direct  and  diffuse  illumination  to  be  about  as  three 
to  one.  The  ratio  between  the  brightest  and  darkest  point  of 
the  averaged  vertical  distribution  in  the  most  varied  landscape 
(fig.  6)  is  about  20  to  1.  The  brightest  object  measured  was  a 
white  cloud  which  had  about  half  the  intrinsic  brightness  of  a 
Welsbach  mantle! 

DISCUSSION. 

Mr.  G.  H.  Stickney : — This  is  an  exceedingly  valuable  paper 
and  not  only  opens  up  an  important  field  of  research,  but  also 
indicates  a  scientific  method  of  procedure.  It  appeals  to  me  es- 
pecially because  it  presents  ideas  that  I  have  felt  to  be  true  but 
never  succeeded  in  analyzing  or  explaining.  We  have  need  of 
more  work  along  this  line. 

Mr.  Norman  Macbeth : — I  have  seldom  read  a  paper  which 
has  given  me  as  much  genuine  pleasure  as  the  one  just  presented. 
The  points  brought  out,  the  methods  used,  and  the  suggestions 
following  such  an  investigation  are  very  interesting  indeed.  I 
feel  that  much  real  constructive  work  can  be  done  along  these 
lines,  not  alone  with  daylight  but  also  in  the  analysis  of  artificial 
lighting  conditions. 

Dr.  Hyde  in  his  talk  last  evening  referred  to  an  architect  who 
had  expressed  a  thought  that  certain  installation  work  in  a 
church  was  almost  sacrilegious.  Perhaps  some  of  the  members 
here  will  remember  a  discussion  I  had  in  the  New  York  section 
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some  time  ago  with  a  member  who  was  explaining  how  an  inte- 
rior could  only  he  satisfactorily  lighted  from  the  standpoint  of  the 
architect,  when  that  architect's  conception  and  artistic  feeling 
had  been  carried  out  in  every  respect,  not  only  in  the  effect  se- 
cured but  also  in  the  means  of  application.  I  had  an  argument 
develop  rather  suddenly  when  I  mildly  suggested  an  analysis  of 
the  results  in  a  room  with  which  the  architect  might  be  thoroughly 
satisfied,  that  we  might  more  closely  define  in  physical  terms 
the  architects  feeling;  with  the  thought  that  a  variety  of  ap- 
plications might  be  possible  which  would  be  effective  to  exactly 
the  same  extent. 

Some  of  our  members  feel  that  an  architect  is  supreme  on  all 
lighting  problems  where  the  exercise  of  artistic  effort  is  con- 
cerned. That  contention  I  grant  willingly,  and  agree  with  thor- 
oughly, but  I  do  not  feel  that  the  architect  insists  upon  being  en- 
gineer and  mechanic  also.  We  are  deeply  concerned  in  the  ap- 
plication and  it  was  for  this  purpose  that  I  suggested  the  analysis 
which  I  believe  would  be  valuable  unless  the  artistic  feeling  so 
frequently  mentioned  in  discussions  of  this  kind  is  indefinable 
and  incapable  of  measurement. 

I  believe  that  when  we  get  beyond  the  illuminometer  measure- 
-  on  horizontal  planes,  which  have  heretofore  been  more 
generally  taken,  and  secure  vertical  measurements,  measurements 
on  inclined  surfaces,  brightness  measurements  of  the  walls,  ceil- 
ing and  floor,  that  we  will  be  able  to  define  our  results  very  much 
more  closely.  I  had  some  work  here  in  Chicago  within  the  past 
in  that  line  which  was  very  interesting  to  me.  In  an  ni- 
dation of  some  indirect  lighting  installations  the  observa- 
tion-, taken  were  sufficiently  complete  to  more  fully  admit  of 
an  analysis  than  would  have  been  possible  with  the  usual  meas- 
urements on  the  horizontal  plane.  From  the  illustrations  and 
descriptions  which  I  have  seen  from  time  to  time  in  advertising 
matter  and  elsewhere,  I  had  the  impression  that  indirect  lighting 
resulted  in  a  uniform  high  intensity  on  the  ceiling,  and  from 
tests  T  found  quite  a  different  effect.  The  ceiling  was 
ted  and  the  less  illuminated  portions  presented  a  considerable 
'  »  the  brighter  sections.  Tn  making  horizontal  measure- 
ment- throughout  the  room,  at  each  station  the  opal  glass  was 
removed  from  the  illuminometer  and  the  brightness  measurement 
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taken  of  the  ceiling  directly  above;  the  brightness  of  the  walls 
was  also  investigated  from  the  ceiling  to  the  base  and  measure- 
ments were  also  taken  of  the  floor  brightness.  I  might  add  that 
we  had  no  difficulty  whatever  in  securing  a  balance  against  a 
buff  wall  nor  even  with  the  cork  matting  on  the  floor. 

Investigation  along  these  lines  will  bring  out  a  great  deal  of 
valuable  information  which,  as  Dr.  Ives  says,  "cannot  be  directly 
interpreted  in  terms  of  reflectors  and  lamps,"  but  which  will 
nevertheless  be  valuable  to  the  commercial  man  and  do  much  to 
set  engineers  right  on  subjects  which  to-day  are  unfortunately 
too  often  approached  from  the  conversational  standpoint. 

Dr.  H.  B.  Ives  (in  reply)  :— The  good  ship  seems  to  have 
steered  between '  the  mines  so  successfully  that  there  is  no 
occasion  for  any  closing  remarks. 
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THE  LAW  OF  CONSERVATION   AS  APPLIED  TO  IL- 
LUMINATION   CALCULATK  >\'S.' 


BY   A.    S.    M  ALUSTER. 


That  the  iaw  of  conservation  is  applicable  in  problems  relat- 
ing to  luminous  flux  equally  as  well  as  in  problems  of  other  na- 
ture is  self-evident.  However,  it  seems  well,  at  the  outset  of  the 
present  discussion,  to  show  that  the  usual  conceptions  of  the  total 
effective  flux  density  over  the  area  illuminated  as  expressed  by 
the  so-called  "cosine  law"  and  "inverse-square  law"  give  results 
in  conformity  to  the  law  of  conservation,  in  that  the  flux  pro- 
duced by  the  source  is  neither  increased  nor  decreased  until  uti- 
lized for  illumination,  when  it  is  transformed  according  to  the 
well-established  laws  of  nature. 

GENERAL    CASES. 

Referring  to  fig.  1  consider  the  perfectly  general  case  of  a  light 
source  of  any  size  or  character  situated  in  any  position  whatso- 
ever within  an  enclosure  having  any  possible  shape  or  size.  Se- 
lect any  infinitesimal  section  of  the  light  source  and  determine 
the  relation  between  the  illumination  produced  upon  any  chosen 
small  interior  area  of  the  enclosure  and  the  illumination  pro- 
duced over  the  corresponding  "solid  angle"  in  the  interior  of 
an  imaginary  sphere  having  its  center  at  the  infinitesimal  light- 
ing source.  The  specific  small  area  illuminated  is  assumed  to  be 
lion  of  the  irregular  enclosing  surface  of  such  infinitesimal 
dimensions  that  without  any  error  whatsoever  it  may  be  con- 
sidered as  a  plane  making  a  definite  angle  with  a  radial  line 
from  the  source;  for  illustrative  purposes  the  small  area  (dA) 
is  shown  as  a  quadrilateral.  Radial  lines,  from  the  source  to 
the  corner-  of  the  quadrilateral  intercept  the  surface  of  the 
imaginary  sphere  and  enclose  thereon  within  the  four  points 
thus  formed  an  infinitesimal  quadrilateral  area  (da)  subtending 
•lid  angle"  exactly  equal  to  the  solid  angle  subtended  by  the 
•  >ted   -mall   area   on  the   irregular  enclosing  surface. 

1  A   paper   read  at   the   fifth   annual   convention   of   the    Illuminating    Kngineering 
•y.  Chicago.  September  25,  26,  27  and  28,  191 1. 
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From  simple  geometrical  relations,  the  correctness  of  which 
will  be  appreciated  at  once  from  a  glance  at  fig.  1,  it  is  seen  that 
the  areas  bear  to  each  other  such  a  ratio  that 

(da)=~  (dA)  cos  (3.  (1) 

where  /?  is  the  angle  between  a  line  normal  to  the  area  and  a 
radial  line  from  the  source  to  the  area.  Consider  that  in  the 
specific  direction  designated  the  infinitesimal  light  source  has  an 

Surface  of  any  shape 
in  any  position. 


Fig.  1. — Photometric  relations  based  on  equality  of  solid  angles. 

apparent  candle-power  of    (dc)  ;   then   the  normal  illumination 
over  the  area  (da)  is  dc  -f-  r2  and  the  total  flux  over  this  area  is 

(dc)(da) 


$a   = 


(2) 


The  normal  illumination  over  the  area  (dA)  is  (dc)  cos  /3-^-R2 
and  the  total  flux  over  this  area  is 

(dA)(dc)  cos  /3 


<rM 


R2 


(3) 


Combining  equations  (1)  and  (2)  and  comparing  the  result  with 
equation  (3),  there  is  obtained 


i-^X^  (dA)  cos  fi  =  <f,A. 
7  is. 


(4) 
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The  interpretation  of  equation  (4),  taking  into  consideration 
the  facts  upon  which  it  has  been  based,  is  that,  independent  in 
every  respect  of  the  shape  and  size  of  the  enclosing  surface  and 
the  position  of  the  light  source  within  it,  the  flux  integrated  over 
any  selected  area  depends  solely  upon  the  solid  angle  subtended 
by  the  area  and  the  intensity  of  the  candle-power  in  the  direction 
selected.  Thus  the  total  flux  emitted  by  each  element  of  a  light- 
ing source  is  properly  evaluated  when  the  illumination  normal  to 
the  enclosing  surface  is  integrated  over  the  whole  interior  sur- 
face, quite  independent  of  the  position  of  the  light  element  with- 
in the  enclosure.  Since  this  relation  is  true  for  each  element 
of  a  lighting  source  it  is  evidently  true  for  the  lighting  source 
in  its  entirety. 

It  follows  from  the  facts  discussed  above  that  in  determining 
the  total  flux  produced  by  any  lighting  source  whatsoever  the 
source  can  be  assumed  to  be  placed  within  any  desired  enclosure 
of  any  convenient  size  and  the  total  flux  (say  in  lumens)  is 
properly  represented  by  the  integration  of  the  illumination  (say 
in  foot-candles  or  meter-candles)  over  the  whole  surface  (say  in 
square  feet  or  square  meters).  As  a  specific  illustration,  it  may 
be  stated  that  the  total  lumens  from  a  mercury-vapor  lamp  of 
any  size  can  be  ascertained  with  absolute  accuracy  by  taking 
observations  of  the  illumination  on  the  interior  of  an  enclosing 
sphere  of  any  diameter  whatsoever — ignoring  the  error  in  pho- 
tometric measurement  which  may  be  attributable  to  the  Purkinje 
effect.  Moreover,  so  far  as  concerns  the  determination  of  the 
total  flux — but  not  the  candle-power  in  each  direction  in  space 
— the  mercury-vapor  lamp  can  be  treated  as  a  point  source  of 
light  when  photometered  from  any  distance  \vhatsoever  even  if 
no  greater  than  the  distance  from  the  center  of  the  tube  to  its 
terminals.  Furthermore,  the  assumed  central  point  can  be  lo- 
cated arbitrarily,  without  any  reference  to  the  location  of  the 
lamp  itself.  That  i-  to  say,  the  determination  of  the  total  lumin- 
flux  from  a  light  source  of  any  size  or  character  whatso- 
ever is  a  thoroughly  definite  problem  easy  of  exact  solution  when 
1  on  the  law  of  conservation. 
An  interesting  and  valuable  relation  between  light  flux  and 
solid  angle  is  found  in  the  converge  of  the  above  demonstration. 
Thai  i».  instead  of  finding  the  constancy  of  the  total  flux  from  a 
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chosen  source  within  a  given  solid  angle,  and  hence  a  flux  den- 
sity varying  inversely  with  the  square  of  the  distance  from  the 
source  and  the  cosine  of  the  angle  of  inclination  of  the  il- 
luminated surface,  it  is  appropriate  to  demonstrate  the  constancy 
at  any  chosen  point  of  the  illumination  produced  by  a  surface 
lighting  source  of  a  certain  normal  emitting  illuminating  density 
subtending  a  certain  solid  angle,  quite  independent  of  the  shape 
or  inclination  of  the  source  or  its  distance  from  the  point  under 
consideration. 

Referring  again  to  fig.  I,  let  (dA)  be  a  small  section  of  a  light- 
ing source  of  any  shape  or  inclination  situated  at  any  distance 
whatsoever  from  the  point  shown  as  illuminated  by  this  source. 
Let  c  be  the  normal  emitting  density  (here  used  as  apparent 
candle-power  per  unit  area)  of  this  source.  The  illumination 
produced  at  point  indicated,  from  the  inverse  square  and  cosine 
laws,  is, 

c(dA)cosP 
=  ~ — R1 '  5 

Consider  now  the  illumination  produced  at  the  same  point  by  the 
surface  source  (da)  subtending  the  same  solid  angle  as  (dA) 
and  having  an  equal  normal  emitting  density  c.  The  illumination 
at  the  central  point  is 

A  =  *P-  (6) 

Combining  equations  (i)  and  (6)  and  comparing  the  result  with 
equation  (5)  there  is  obtained 

c(dA)  cos  (3 

"" R* —  P-i-  (7) 

Equation  (7)  shows  that  when  dealing  with  surface  lighting 
sources  the  illumination  at  any  chosen  point  is  fully  defined  when 
the  emitting  density  of  the  source  and  the  solid  angle  subtended 
by  the  source,  as  viewed  from  the  point  chosen,  are  known. 
Upon  this  fact  can  be  based  some  extremely  simple  graphical 
solutions  of  problems  relating  to  surface  lighting  sources,  pro- 
vided the  law  of  conservation  is  kept  always  in  mind  and  prop- 
erly applied. 

Of  the  many  possible  surfaces  for  enclosing  lighting  source 
the    one    lending   itself    most    readily    to    simple    solution    is   the 
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sphere,  by  reason  of  the  ease  with  which  the  superficial  areas 
and  solid  angles  can  he  evaluated.  It  may  hi  well,  therefore,  to 
show  the  more  important  relations  existing  between  the  flux,  flux 
density,  apparent  candle-power,  etc.,  when  linear,  curved  and 
plane  surface  light  sources  are  placed  within   spherical   cnclos- 

surface   cine  source. 

Fig.  2  represents  the  case  of  a  "surface  line  source" — such 
as  a  mercury-vapor  lamp  is  usually  assumed  to  he — within  a 
spherical  enclosure.  Attention  should  here  be  called  to  the  fact 
that  the  "surface  line  source"  differs  from  the  "point  line  source" 
in  that  it  is  a  cylindrical  surface  source  of  zero  diameter,  instead 
of  consisting  of  an  infinite  number  of  point  sources  arranged  in 
one  line.     Thus  the  so-called  cosine  law  which  is  applicable  to 
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2  and  .v  — Photometric  relation  of  infinitesimal  snrface  line  and  plane 
surface  sources. 

the  plane  or  curved  surface  source  is  also  applicable  to  the  sur- 
face line  source.     With  an  apparent  candle-power  of   (cdl)   per 

unit  length  in  a  radial  direction — that  i-.  90  degrees  from  the 
line — the  apparent  candle-power  in  a  direction  a  degrees  from 
the  line  i^   i  cdl  |   -in  «. 

'  »ver  the  area  |  </<i  )  in  fig.  _'  the  flux  density  is 

(cdl  I    sin  a 


0  = 


R 


and  the  total  flux  over  the  area  (da  i  i- 

(da)  (cdl  |   sin  a 


dtydi  = 


R 


(8) 


(9) 


/08      TRANSACTIONS  OE  ILLUMINATING  ENGINEERING  SOCIETY 

Now 

a  =  2ttR2(i   —  COS  a),  (10) 

and 

da  =  27rR2  sin  ada.  ( 1 1 ) 

Hence 

dtydl  =  2ttR2  sin  ada  (cdl)  sin  a  -i-  R2  =  2ir(cdl)  sin2  ada.       (12) 
The  total  flux  produced  by  the  elementary  light  line  (dl)  over 

the  whole  of  the  two  hemispherical  areas  is 

~f-~~ 

The  flux  produced  by  a  line  having  a  length  I,  is  evidently 

<///  =    ttV/.  (14) 

If  the  candle-power  of  the  elementary  line  source  had  been 
(cdl)  equally  in  all  directions  the  total  flux  from  the  line  of 
length  /  would  have  been  4-*  instead  of  n2  The  spherical  reduc- 
tion factor  of  the  "surface  line  source"  is  therefore, 

7T2  -r  47T  =  0.7854,  (15) 

which  is  the  value  by  which  the  average  "radial  candle-power," 
as  observed  on  very  small  isolated  lengths  must  be  multiplied 
in  order  to  ascertain  the  "mean  spherical  candle-power"  of  the 
whole  "surface  line  source." 

PLANE  SURFACE  SOURCE. 

Another  simple  case  is  that  of  the  plane  surface  source,  as  il- 
lustrated in  fig.  3.  The  flux  over  the  area  (da)  produced  by 
the  small  lighting  surface  (ds)  having  a  maximum  apparent  can- 
dle-power radially  of  c  per  unit  area  is 

d\j/  =  (da)(cds)  cos  a  ~-  R2,  (16) 

as  shown  in  equation  (11), 

da  =  27rR2  sin  adfo., 
hence 

dij/  =  27r(cds)  sin  a  COS  ada  —  Tr(cds)  sin  2ada  (17) 

and 
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J  he  value  given  in  equation  (18)  relates  to  the  total  flux 
in  the  right-hand  hemisphere,  but  it  also  represents  the  value  for 
the  whole  sphere  because  the  source  produces  no  flux  in  the  left- 
hand  hemisphere.  If  the  source  produced  candle-power  in  all 
directions  equal  to  (cds)  the  total  flux  would  be  4-*-  (cds).  Hence 
the  value  by  which  the  maximum  apparent  candle-power  of  a 
small  plane  surface  source  must  be  multiplied  to  obtain  the  mean 
spherical  candle-power  of  the  source  is 

ir{rdl)  -s-  ^ir(cdl)  -     0.25.  (19) 

SPHERICAL    SURFACE    ILLUMINATION. 

An  important  relation  in  spherical  photometry  is  found  in  the 
fact  that  a  surface  lighting  source  at  the  inner  edge  of  any  sphere 
produces  an  illumination  density  normal  to  the  interior  surface 
of  the  sphere  which  is  every  where  equal.  This  fact  will  be  easily 
appreciated  from  a  study  of  fig.  4  where  the  infinitesimal  sur- 
face lighting  source  is  shown  at  O.  Let  it  be  assumed  that  this 
source  of  area  (ds)  has  an  apparent  radial  candle-power  of 
(cds).  The  apparent  candle-power  along  the  direction  OP  will 
be  (cds)  cos  a.  At  the  point  P  the  light  flux  density  in  the  di- 
•n  parallel  to  the  line  OP  is  (cds)  cos  a  -i-  r2  while  the 
density  normal  to  the  sphere  at  this  point  is 

/?!■  =  (cds)  (cos  a  -f-  ;"')  (cos  a)  =  (cds)  cos'o  -:-  r'.       (20) 
Now  r  =  D  cos  a,  so  that, 

cos2  a  -f-  r2  =   I     :     I  >  .  (21) 

hence 

/?,.        (cds)  -r  D\  (22) 

According  to  equation  (22)  the  normal  light  flux  density  is 
uniform  over  the  whole  inner  surface  of  the  sphere  illuminated 
by  the  source;  the  numerical  values  of  the  illumination  (in  foot- 
candles  or  meter-candles  )  is  found  at  once  by  dividing  the  total 
apparent  radial  candle-power  of  the  source  by  the  square  of  the 
diameter  of  the  sphere  (in  feet  or  meters). 
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If  it  be  assumed  that  the  lighting  source  is  of  infinitesimal  size 
so  that  the  illuminated  area  is  equal  to  the  whole  interior  sur- 
face of  the  sphere,  then  the  total  lumens  reaching  the  illuminated 
surface,  which  by  the  law  of  conservation  must  equal  the  lumens 
from  the  source,  have  the  value 

«/v  =  ttITPp  =  TrD2(cds)  -f-  D1  =  Tr(cds).  (23) 

The  value  for  the  flux  given  in  equation  (23)  is  seen  to  be 
identical  with  that  given  in  equation  (18  )for  the  same  quantity 
determined  on  the  basis  of  the  more  usual  photometric  relations. 

In  applying  the  law  of  conservation  of  lumens  to  problems 
relating  to  plane  and  curved  surfaces  a  certain  fact,  which  may 
not  be  immediately  apparent,  must  not  be  overlooked,  namely, 


Figs.  4,  5.  and  6.— Equality  of  flux  and  flux  density  over  equilux  spheres. 


some  of  the  light  emitted  by  one  radiating  surface  may  fall  upon 
another  radiating  surface  where  it  may  be  either  absorbed  or 
reflected.  In  fig.  5,  for  the  purpose  of  simplest  demonstration, 
the  radiating  area  is  assumed  to  cover  exactly  one  half  of  the 
interior  of  the  sphere,  the  interior  of  the  upper  hemisphere  hav- 
ing a  radiating  value  of  I  lumens  per  unit  area.  The  lower 
hemisphere  is  illuminated  solely  by  the  upper  hemisphere  and  the 
problem  is  to  determine  how  many  lumens  there  are  per  unit  area 
in  the  lower  hemisphere. 

At  first  glance  it  might  appear  that  since  the  radiating  area  is 
equal  to  the  illuminated  area,  the  law  of  conservation  would  re- 
quire the  upper  hemisphere  to  give  off  exactly  the  same  number 
of  lumens  per  unit  area  as  fall  upon  the  lower  hemisphere.  Such 
is  not  the  case,  however,  The  facts  are  that  the  lumens  from 
each  element  of  the  radiating  area  are  distributed  over  not  only 
the  lower  hemisphere  but  over  the  upper  hemisphere  as  well ;  of 
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the  total  lumens  produced,  one  half  falls  upon  the  upper  hemi- 
sphere leaving  only  one  half  to  illuminate  the  lower  hemisphere. 
Since  each  element  of  the  radiating  area  spreads  its  lumens  uni- 
formly over  the  whole  spherical  interior,  it  follows  that  the  lower 
hemisphere  is  uniformly  illuminated  with  a  density  one-half  of 
that  of  the  upper  radiating  area. 

It  is  worthy  to  note  in  this  connection  that  if  the  upper  hemi- 
sphere have  a  light-absorbing  coefficient  of  100  per  cent,  the  total 
emitted  radiation  must  be  just  double  the  value  reaching  the 
lower  hemisphere;  on  the  other  hand,  if  the  upper  hemisphere 
have  a  reflecting  coefficient  of  100  per  cent,  then  one  half  of  the 
apparent  brightness  of  the  surface  would  be  due  to  reflection  and 
only  one  halt  would  be  original  emission.  In  am  event,  what- 
ever may  be  the  coefficient  of  reflection  or  absorption,  all  the 
lumens  passing  through  the  (great  circular)  area  separating  the 
upper  from  the  lower  hemisphere  reach  the  lower  hemispherical 
area  over  which  they  are  distributed  uniformly.  Incidentally,  it 
may  be  noted  that  the  projected  area  (the  great  circle)  of  the 
upper  hemisphere  as  viewed  from  any  point  on  the  interior  of 
the  lower  hemisphere  is  equal  to  one  half  of  the  interior  area 
of  the  lower  hemisphere — a  fact  that  will  be  enlarged  upon  below. 

PLAXE    CIRCULAR    SOURCES. 

Consider  now  the  more  general  case  illustrated  in  fig.  6  in  which 
the  upper  radiating  zone  has  a  height  I T,  and  the  lower  illuminated 
zone  a  height  L.  the  diameter  of  the  sphere  being  D  =  U  -f-  L. 
The  inner  surface  area  of  the  upper  zone  is  jtDU  and  that  of 
the  lower  zone  ttDL.  With  /  lumens  radiated  per  unit  area,  the 
total  lumens  radiated  equal  trDJJl  which  are  uniformly  S] 
over  the  whole  area  wD*,  so  that  the  illumination  density  is 

ttDUI        Ul  ,     v 

*/>■        n 

The  lumen-  leaving  the  upper  zone  through  the  circular  open- 
ing and  reaching  the  lower  zone  equal 

wDL       Ul         TTT,  .      t 

tff/,  itULl.  (25; 


Since  the  triangle  OB C  and  BCN  (fig.  6)  are  similar, 
OC  -:-  BC        BC       .vc, 
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hence 

£C2  =  JVC  X    OC=   UL,  (27) 

combining  equations  (25)  and  (27), 

xffL  =   irULl=  *B~Cl  (28) 

Now  icBC'  is  equal  to  the  area  of  the  circle  ABC,  and  hence 
it  may  be  stated  that  the  lumens  reaching  the  lower  zone  are  the 
same  in  value  as  the  amount  which  would  be  produced  by  a  plane 
surface  source  equal  in  area  to  the  circle  separating  the  radiating 
from  the  illuminated  area  and  having  the  same  radiation  con- 
stant per  unit  area  as  has  the  source.  That  is  to  say,  the  total 
luminous  flux  produced  over  the  lower  zone  is  the  same  whether 
the  radiating  surface  is  the  complete  upper  zone  or  the  plane 
circular  area  separating  the  upper  from  the  lower  zone.  More- 
over, the  distribution  of  illumination  over  the  lower  zone  is  iden- 
tical in  the  two  cases,  as  a  reference  to  equation  (7)  will  show. 

From  the  law  of  conservation,  the  illumination  fin  lumens  per 
unit  area)  over  the  lower  zone  bears  to  the  emitted  lumens  per 
unit  area  of  the  plane  circle  the  inverse  ratio  of  these  two  areas. 

The  area  of  the  plane  circle  is  -n-r2  and  that  of  the  lower  'one 
is  ttDL, 


From  fig.  6,  L  =  d  cos  ONB, 

hence 


d  =  D  cos  ONB, 
DL  =  d\ 


and 


■kDL  =  ird'1.  (29) 

The  ratio  of  the  radiating  and  the  illuminated  areas  is 

rf  =  -7--  <30) 

which  is  the  ratio  between  the  luminous  flux  densities  on  the 
two  areas.  If  the  radius  of  the  circular  source  is  taken  as  the 
unit  of  length  and  the  emitting  flux  density  of  the  source  is  taken 
as  the  unit  of  illumination,  then  the  value  of  the  normal  illumina- 
tion over  the  sphere  expressed  in  per  cent,  is  equal  to  100  divided 
by  the  square  of  the  diagonal  d.  This  relation  holds  true  over 
the  entire  area  of  each  of  any  conceivable  number  of  spheres 
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passing  through  the  edges  of  the  plane  circular  source,  ami  by 
constructing  any  desired  number  of  such  "equilux  spheres"  one 
can  easily  explore  the  whole  luminous  region  surrounding  the 
source,  which  may  be — for  example — a  diffusing  artificial 
window  in  a  ceiling,  or  side  wall. 

ILLUMINATION    OX    EQUILUX    SPHERES    AND    OX    HORIZONTAL    AND 
VERTICAL    PLANES. 

In  fig.  7  are  shown  relative  space  positions  of,  and  values  of 
illumination  in  per  cent,  of  the  source  density  normal  to.  18 
equilux  spheres  passing  through  points  vertically  below  the  center 


IZ  13         14 

-  —Normal  flux  densities  in  j>er  cent,  over  equilux  spheres. 

of  a  circular  source  at  distances  equal  to  I,  2,  3.  4.  8,  9, 

io.  11,  12,  13,  14,  16,  18,  20,  and  22  times  the  radius  of 
the  source.  It  can  easily  be  shown  by  simple  geometrical  con- 
structions that  the  illumination  density  normal  to  any  horizontal 
plane  below  a  circular  source  in  the  ceiling  is  at  each  point  equal 
to  the  "equilux  sphere"  illumination  at  that  point,  so  that  the 
values  of  illumination  density  in  per  cent,  marked  <>n  each  of 
the  equilux  sphere*  in  fig.  7  are  also  the  values  of  normal  il- 
lumination  on   any   horizontal   plane   intersecting   these   spheres. 
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In  fig.  7  intersecting  horizontal  planes  are  shown  at  distances  of 
5.5  and  7.0  radii  below  the  source.  The  normal  flux  densities  on 
these  planes  are  shown  to  rectangular  coordinates  in  fig.  8. 

At  points  on  any  vertical  plane  as  far  below  the  source  as  this 
{.lane  is  distant  from  the  center  of  the  source  in  the  normal 
nearest  direction,  the  illumination  normal  to  the  vertical  plane 
at  the  point  is  equal  to  that  normal  to  the  horizontal  plane  at  this 
point.  At  all  other  points  the  normal  illumination  on  the  vertical 
plane  bears  to  the  normal  illumination  on  the  horizontal  plane 
at  this  point,  the  ratio  of  the  distance  of  the  vertical  to  the 
distance  of  the  horizontal  plane  from  the  center  of  the  source, 
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Fig.  S.— Flux  densities  on  planes  3.5  and  7.0  radii  below  circular 
ceiling  source. 


each  distance  being  measured  in  a  direction  normal  (shortest)  to 
the  plane  considered.  When  solving  problems  relating  to  plane 
circular  lighting  sources  by  means  of  the  equilux  spheres  one 
can  easily  determine  the  illumination  normal  to  any  horizontal 
plane  and  can  then  calculate  the  illumination  on  any  vertical 
plane  by  direct  proportion. 

It  is  believed  that  the  above  method  represents  the  extreme  of 
simplicity  for  the  solution  of  problems  relating  to  the  illumina- 
tion obtained  from  plane  circular  lighting  sources,  and  it  is  prob- 
ably true  that  the  error  involved  in  treating  rectangular  surface 
sources  as  equivalent  to  circular  sources  of  equal  area  would 
prove  of  small  importance  in  practical  engineering  undertakings. 


m'alustkr:    law    of  conservation  715 

The  error  involved  would  relate  to  the  distribution  of  the  flux 
and  not  to  its  total  value,  which  would  be  the  same  in  the  two 
cases,  according  to  the  law  of  conservation. 

ABSORPTION    OF    LIGHT. 

In  the  above  discussion  the  effect  of  reflection  from  the  il- 
luminated surfaces  has  been  ignored,  as  is  the  custom  in  dealing 
with  problems  of  the  nature  under  consideration.  That  is  to  say, 
all  of  the  illuminated  surfaces  discussed  have  been  treated  as 
possessing  a  light  absorption  coefficient  of  i.oo,  as  is  tacitly  done 
in  almost  all  illumination  calculations.  In  view  of  the  ease  with 
which  reflection  or  absorption  can  be  taken  in  consideration  on 
the  basis  of  the  law  of  conservation,  it  is  truly  astonishing  that 
so  little  application  has  been  made  of  this  law  in  this  connection. 

According  to  the  relations  discussed  above  the  total  flux  in 
lumens  (4^  spherical  candles)  which  the  lighting  units  must 
produce  within  a  given  enclosure  having  surfaces  of  1.00  absorp- 
tion coefficient  is  numerically  equal  to  the  summation  of  the 
flux  density  (  in  foot-candles  or  meter-candles)  over  the  separate 
areas  (in  square  feet  or  square  meters).  This  method  of  de- 
termination is  absolutely  accurate.  An  equally  accurate  method 
is  available  for  use  with  totally  or  partially  reflecting  surfaces, 
in  that  the  lighting  units  in  any  case  whatsoever  must  produce 
only  that  amount  of  lumens  absorbed  by  the  enclosing  surfaces.  It 
follows,  therefore,  that  when  the  incident  flux  density  over  each 
surface  is  multiplied  by  the  absorption  coefficient  for  this  surface 
and  a  summation  is  made  of  the  lumens  thus  absorbed  by  the 
various  surfaces  enclosing  the  lighting  units,  the  result  is  an 
absolutely  accurate  determination  of  the  lumens  which  the  light- 
ing units  must  produce.  This  method  can  be  applied  with  com- 
plete assurance  that  the  results  are  correct  to  the  same  degree 
that  the  areas,  incident  flux  densities,  and  absorption  coefficients 
assumed  are  correct. 

The  absorption-nf-light  method  of  calculation  shows  at  once 
the  total  lumen>  or  mean  spherical  candle-power  required  I 
tain  any  specific  illumination  results,  but  docs  not  completely 
define  the  required  space  distribution  of  the  candle-power  of 
the  units  in  order  to  insure  the  results  desired.  However,  there 
are   certain    limits    of    inter-reflection    between    facing    surfaces, 
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depending  upon  the  individual  absorption  coefficients,  which  a 
simple  application  of  the  method  will  make  evident  at  once. 

It  is  believed  that,  by  reason  of  its  accuracy  and  simplicity,  the 
absorption-of -light  method,  which  is  based  directly  upon  the 
law  of  conservation,  can  well  be  applied  in  numerous  illumina- 
tion problems,  at  least  as  a  trustworthy  check  upon  the  more 
complicated  methods  now  in  common  use. 

DISCUSSION., 

Prof.  W.  B.  Barrows,  Jr. : — I  wisli  to  express  my  high  ap- 
preciation of  not  only  this  paper  of  Dr.  McAllister's  but  of  others 
which  he  has  published  from  time  to  time  along  these  same  lines. 
No  one  can  dispute  the  fact  that  the  society  and  the  profession 
have  been  greatly  benefited  by  his  earnest  endeavors  and  untir- 
ing efforts  to  advance  the  cause  of  the  engineer. 

Just  before  the  meeting  I  thought  I  had  discovered  a  slight 
error  in  the  first  figure  of  the  paper.  I  would  like  to  follow 
my  reasoning  at  this  time  to  see  if  there  is  not  a  mistake.  Re- 
ferring  to   fig.    i    the   author   states   the    area    da   is    equal    to 

r 

J  </A)cos/3.     Now  if  the  area  dA  be  normal  to  the  lines  of  the 
K" 

light  flux,  then,  in  that  case,  the  angle  /?  would  be  90  degrees, 
the  cosine  of  which  would  be  zero,  whereas  it  should  be  unity. 

Dr.  A.  S.  McAllister :— The  angle  ft  in  fig.  1  can  be  considered 
as  the  angle  between  the  plane  area  dA  and  a  radial  line  from  the 
source,  or  it  can  be  considered  as  the  angle  between  a  line  nor- 
mal to  this  plane  and  a  radial  line  from  the  source — the  per- 
spective not  being  well  defined  in  the  illustration.  In  case  the 
former  is  chosen,  the  function  used  in  equations  (1),  (3),  (4), 
(5)  and  (7)  should  be  sin  /?,  while  when  the  latter  is  assumed 
the  corresponding  functions  should  be  cos  /?,  as  have  been  used 
by  the  author.  (This  fact  is  pointed  out  more  clearly  in  the 
final  paper  than  in  the  advanced  copies.)  It  is  noteworthy  that 
the  final  results  obtained  by  the  two  assumptions  considered 
separately  are  identical. 

Prof.  W.  B.  Barrows,  Jr.: — There  are  several  interesting  facts 
brought  out  in  this  paper  which  are  not  elements  of  common 
knowledge  and  which  are  not  likely  to  be  considered  as  bear- 
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he   relations  to  one  another  that  are  shown  here.     Among 
is    the   identity    in    the    treatment    of    the    calculation 
light   from  a  luminous  source   resembling  an   interior  spherical 
ice  and  a  flat  circular  surface  source  having  the  same  pe-' 
riphery  as  the  opening  of  the  spherical  source.     Again  Dr.  Mc- 
Allister has  shown  that  the  mean  spherical  candle-power  from  a 
"surface  line  source"  is  7J-/4  times  the  maximum  candle-power; 
while   from  a  plane  surface  source  the  mean  spherical  candle- 
one-fourth  multiplied  by  the  maximum  candle-power, 
imes  the  former. 
It  seems  to  me  that  this  paper  emphasizes  the  desirability  of 
endeavoring  to  employ  the  lumen  in  describing  the  performance 
luminous   source  and   in   making  illumination  calculations. 
a  very  convenient  unit;  it  docs  away  with  the  uncertainty  of 
candle-power  values  which  may  be  maximum,  horizontal,  mean 
hemispherical  or  mean  spherical  values.     If  the  results  are  given 
in    lumens    there   is   little   chance    for   confusion   and   the   total 
amount  of  light  is  represented.     In  the  case  just  cited  we  have 
a   concrete    example.     The    maximum    candle-power    values    are 
the  same  but  the  total  amount  of  light  is  a^  1  to  w. 

.  M.  G.  Lloyd: — I  want  to  express  my  appreciation  of  this 

work,  because  I  think  it  gives  a  very  excellent  short-cut  method 

tting  a  great  deal  of  the  data  that  is  needed  for  the  flux 

:TYerent   parts    of    ceiling,    floor    and    wall    surfaces.     I    am 

I  have  not  had  an  opportunity   to  study  it  carefully,  but 

I  have  only  looked  over  it  rather  hastily  :  and  I  am  sorry  I  can't 

anywhere  a  statement  of  what  is  meant  by  this  law  of  con- 

•ion.     I    confess    that   I    don't   know    what    that   law 

it   in   the  hope  that   Dr.   McAllister   will   explain   it    in 

sion.     If  that  expression  is  used  in  the  ordinary 

e  of  the  term,  in  representing  that  thei  ight 

sses  from  a  source  to  the  eye.  I  can't  accept  it  as  a  law 

of  nature  because  that  is   not 

Tn  New  York.  T  believe  if  one  gets  on  top  of  the  S  iiild- 

iv  other  high  building,  he  can  easily  see  up  to  Harlem, 

•ints  beyond,  but  if  Dr.  McAllister  wei  icago 

•id  would  consider  a  source  of  light,  say  over  at  the 

and  just  follow  out  a  solid  angle  from  that  point 
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over  to  this  hotel,  he  would  find  that  he  would  not  receive  as 
much  light  here  as  passes  through  some  of  the  intermediate 
surfaces.  In  other  words,  we  have  absorption  of  light.  The 
amount  of  flux  of  light  which  leaves  a  source  is  not  actually 
equal  to  the  amount  of  light  that  falls  on  each  surrounding  sur- 
face. If  that  is  what  is  meant  here  by  the  law  of  conservation, 
it.  certainly  is  not  a  law  of  nature.  Practically,  of  course,  in 
very  many  cases  the  absorption  is  negligible,  but  I  don't  think 
such  an  approximation  should  be  stated  as  a  law;  it  is  simply  a 
special  case  when  the  absorption  is  negligible. 

When  we  speak  of  the  conservation  of  energy  or  of  matter, 
we  express  by  that  term  our  belief  that  energy  or  matter  cannot 
be  destroyed  as  such ;  it  can  only  be  transformed  into  energy 
01  matter  of  a  different  kind.  If  conservation  is  used  in  this 
sense,  light  is  certainly  not  conserved,  since  it  can  be  destroyed. 
If,  on  the  other  hand,  by  conservation  of  light  it  is  meant  merely 
that  light  persists  as  such  until  it  is  destroyed,  we  are  stating 
no  law  of  nature,  but  merely  an  axiom  of  existence.  Of  course 
a  thing  exists  until  it  ceases  to  exist. 

Coming  down  to  some  of  the  later  derivations,  however, 
such  as  in  figure  5,  I  am  not  able  to  follow  the  reasoning  entire- 
ly. Referring  to  that  figure,  in  which  the  source  of  light  is  one 
half  of  the  sphere,  the  author  says,  "It  follows  that  the  lower 
hemisphere  is  uniformly  illuminated  with  a  density  one  half  of 
that  of  the  upper  radiating  area."  He  seems  to  have  stated  in 
one  place  that  the  two  halves  were  equally  illuminated.  It 
seems  to  me  that  point  needs  some  elucidation.  I  don't  know 
whether,  in  considering  the  flux  through  an  area  which  is  a 
source,  the  author  considers  both  flux  coming  out  and  going  in. 
If  he  is  considering  only  the  flux  impinging  on  the  surface,  he 
has  just  demonstrated  it  was  equal  at  all  points  of  the  surface. 
If  he  considers  it  algebraically,  in  and  out,  the  statement  would 
still  not  be  correct.  And  if  he  considers  the  sum  of  the  im- 
pinging light  and  that  emitted  by  the  surface  then  the  upper  half 
of  the  sphere  should  be  credited  with  one  and  one  half  units  as 
against  one  half  for  the  lower  hemisphere,  or  the  ratio  is  three  to 
one. 

A  little  lower  down,  considering  a  surface  having  a  reflect- 
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ing  coefficient  of  one  hundred  per  cent.,  it  seems  to  me  that 
would  represent  one  which  would  have  zco  emissive  power,  so 
that  is  could  not  represent  any  possible  condition.  Assuming, 
ver,  that  a  surface  could  both  emit  and  perfectly  reflect, 
the  light  from  any  point  on  the  upper  hemisphere  would  be  rep- 
resented  by  one  and  one  half  units,  the  one  half  being  due  to 
reflection  and  the  one  unit  to  emission,  and  consequently  two 
thirds  of  the  apparent  brightness  would  be  due  to  emission  and 
only  one  third  to  reflection. 

However,  these  points  are  not  essential  in  any  way  to  the  main 
purpose  of  the  paper,  which  seems  to  me  excellent,  and  the 
method  given  should  be  very  valuable,  since  it  is  a  short-cut 
method. 

Dr.  A.  S.  McAllister  (in  reply)  : — In  his  hasty  reading  of  the 
paper  the  last  speaker  misinterpreted  the  title  and  overlooked 
the  explanation  thereof  given  in  the  first  paragraph.  A  care- 
ful reading  of  the  paper  will  show  that  it  was  the  author's  in- 
tention to  discuss  the  extent  to  which  the  general  law  of  con- 
servation is  applicable  in  problems  relating  to  the  calculation  of 
illumination :  and  to  show  that,  in  so  far  as  the  so-called  "cosine 
law"  and  "inverse-square  law"  are  applicable,  it  is  absolutely  ac- 
curate to  calculate  the  flux  produced  by  the  source  by  taking 
sum  of  the  fluxes  absorbed  by  the  medium  illuminated.  The 
paper  does  not  contain  the  statement  that  the  flux  is  conserved, 
but  rather  that  its  value  is  "neither  increased  nor  decreased 
until  transformed,  according  to  the  well-established  laws  of 
nature."'  If  the  general  law  of  conservation  can  not  be  referred 
to  in  this  connection,  then  it  i-  wrong  to  refer  to  it  in  connec- 
tion with  chemical  energy,  electrical  energy,  or  any  other  spe- 

form  of  energy,  which  is  not  conserved  but  merely  retains  its 
value  unaltered  until  transformed. 

If   a  certain   floor   for   example  were  covered   with   dust   one 

I  not  determine  the  illumination  on  the  floor  surface  proper 
without  taking  into  consideration  the  absorption  of  light  by  the 
dust.  If  this  dust  were  distributed  uniformly  through  the  at- 
phere  between  the  light  source  and  the  plane  which  it  was 
desired  to  illuminate  one  must  certainly  take  into  consideration 
the  absorption  by  the  dust — if  such  absorption  is  of  any  import- 
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ance.  Such  details  are  never  considered  in  applying  the  "in- 
verse-square law"  and  it  seems  unnecessary  to  introduce  them 
in  the  present  paper.  However,  to  assume  that  the  general  law 
of  conservation  is  not  applicable  in  problems  relating  to  light  flux 
which  may  be  transformed  in  part  before  reaching  the  planes 
to  be  usefully  illuminated,  would  be  identical  with  assuming 
that  the  general  law  of  conservation  is  not  applicable  in  prob- 
lems relating  to  chemical  energy  which  may  not  all  be  usefully 
employed. 

Dr.  Lloyd  is  correct  in  his  statement  concerning  the  impossi- 
bility of  finding  any  medium  having  a  100  per  cent,  reflection  co- 
efficient with  any  chosen  value  of  emission.  However,  he  failed 
to  note  that  the  author  purposely  assumed  the  two  extreme  con- 
ditions of  ioo  per  cent,  reflection  and  ioo  per  cent,  absorption  in 
order  to  call  attention  to  the  fact  that  the  problem  under  dis- 
cussion is  perfectly  general  and  the  solution  is  the  same,  inde- 
pendent of  the  actual  value  of  absorption  or  reflection.  His 
statement  relative  to  the  ratio  of  the  incident  illumination  density 
in  the  lower  hemisphere  of  fig.  5  and  the  apparent  emission 
density  when  the  upper  hemisphere  has  a  100  per  cent,  reflection 
coefficient — the  lower  hemisphere  being  tacitly  assumed  to  have 
100  per  cent,  absorption — does  not  accord  with  the  author's  ideas 
of  the  photometric  relation  involved. 

It  is  self-evident  that  with  a  total  apparent  upper  hemispheri- 
cal emission  density  of  any  chosen  value  whatsoever  the  lower 
hemispherical  incident  illumination  density  has  a  definite  de- 
termination value  independent  in  every  respect  of  the  relative 
values  of  the  fluxes  obtained  directly  and  by  reflection  from 
the  upper  hemisphere.  If  the  upper  hemisphere  has  100  per  cent, 
absorption — zero  reflection — and  the  total  emitting  density  is 
1.5  units  then,  as  proved  in  the  paper,  the  lower  hemisphere  re- 
ceives 0.75  units  of  illumination  density.  Obviously  this  identi- 
cal ratio  of  two  to  one  would  hold  for  any  relative  values  be- 
tween direct  and  reflected  light  in  the  upper  hemisphere ;  the 
apparent  emission  density  depends  only  upon  the  sum  of  the 
direct  and  reflected  light  and  not  on  the  subdivision  of  the  total 
light.  Considered  specifically  if  the  actual  initial  light  produc- 
tion in  the  upper  hemisphere  is  one  unit  per  unit  area  over  the 
whole  hemispherical  surface,  and  the  reflection  coefficient  of  the 
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upper  hemisphere  is  ioo  per  cent. — the  lower  hemisphere  having 
100  per  cent,  absorption —  then  the  directly  emitted  light  flux 
which  reaches  the  lower  hemisphere  ii  init  per  unit  area. 

•  toe  half  unit  of  direct  light  flux  reaches  each  unit  area  of  the 
hemisphere  itself;  this  0.50  unit  flux  per  unit  area  in  the 
upper  hemisphere  is  redirected  to  the  upper  a-  well  as  to  the 
r  hemisphere;  the  0.25  unit  of  redirected  light  which  reaches 
each  unit  area  of  the  upper  hemisphere  is  again  redirected  to  the 
upper  as  well  as  to  the  lower  hemisphere,  etc.,  until  the 
upper  apparent  emission  density  is  2.0  units  and  the  lower  in- 
cident illumination  density  is  1.0  units.     The  summations  of  the 
direct,  reflected,  re-reflected,  etc.,  light  density  over  the  upper 
hemisphere   and   the   corresponding  incident    light    flux    density 
r  hemisphere  are  as  follows : 

Upper  density,  1.0        0.5         0.25         0.125   

Lower  density,  0.5  5 

The  above  discussion  is  covered  in  the  paper  by  the  statement 
that  if  the  upper  hemisphere  have  a  reflection  coefficient  of  100 
nt.  then  one  half  of  the  apparent  brightness  of  the  sur- 
face would   be  due  to  reflection   and   only   one  half   would   be 
original  emission. 
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RESUME  OF  LEGISLATIVE  ENACTMENTS  ON 
ILLUMINATION.1 


BY  E.  LEAVENWORTH   ELLIOTT. 


JUSTIFICATION    FOR    LEGISLATIVE    REGULATION    OF    ILLUMINATION. 

Not  only  the  right,  but  the  duty  of  government  to  enact  meas- 
ures for  protecting  the  health  and  physical  welfare  of  the  citi- 
zens, and  especially  those  engaged  in  manual  labor,  is  now  uni- 
versally recognized.  As  any  restriction  upon  personal  liberty 
suggests  in  some  measure  parental  authority,  all  legislation  look- 
ing to  this  end  in  this  country  has  encountered  the  instinctive 
dread  which  the  American  has  to  "paternalism"  in  government. 
This  objection,  however,  is  wholly  sentimental.  The  very  es- 
sence of  government  is  the  exercise  of  wise  control  over  acts  of 
both  commission  and  omission  involving  the  general  good ;  and 
it  may  be  truthfully  said  that  the  nearer  which  a  government  ap- 
proaches the  methods  of  the  strong,  but  wise  and  thoughtful 
parent  the  better  it  will  be. 

The  days  of  Robin  Hood,  Dick  Turpin,  and  the  western  "road 
agent"  are  past ;  modern  government  says  that  you  may  not  take 
your  neighbor  unawares  and  use  the  bludgeon  or  the  revolver  as 
an  argument,  even  though  you  present  these  arguments  in  the 
most  Chesterfieldian  manner.  It  is  an  entirely  logical  conse- 
quence of  this  view  of  the  duty  and  function  of  government  in 
protecting  its  citizens  from  bodily  violence  that  it  should  say  to 
the  employer,  "you  may  not  impair  or  destroy  the  health  of  your 
operatives  by  requiring  them  to  work  in  rooms  not  properly  sup- 
plied with  the  natural  conditions  for  labor,  the  two  most  es- 
sential of  which  are  light  and  air."  Hence,  all  civilized  govern- 
ments having  any  claims  to  enlightenment  have  enacted  laws 
prescribing  to  a  greater  or  less  extent  the  physical  conditions 
under  which  labor  may  be  employed ;  and  there  is  a  very  strong 
tendency,  backed  by  public  opinion,  to  increase  the  restrictions 

1  A  paper  read    at  the   fifth  annual  convention   of  the  Illuminating   Engineering' 
■^Society,  Chicago,  September  25.  26,  27  and  28,  191 1. 
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and  regulations  as  fast  as  a  thoroughly  established  basis  for  their 
formulation  can  be  secured. 

In  this  country  the  prejudice  against  paternalism  in  govern- 
ment is  still  so  strong  that  many  of  the  reforms  which  are  taken 
up  directly  by  government  in  other  countries  are  carried  on  here 
by  voluntary  associations,  the  large  number  of  which,  and  the 
success  of  whose  work,  is  one  of  the  most  important  phenomena 
in  our  recent  social  development.  For  example,  the  national  as- 
sociation which  has  been  working  for  several  years  to  stamp  out 
tuberculosis  has  made  such  progress  that  there  seems  to  be  little 
doubt  that  it  will  have  practically  blotted  out  this  plague  of 
civilization  long  before  the  half  century  mark  shall  have  been 
passed. 

AGENCIES    PROMOTING    LEGISLATIVE   REGULATION    IN    AMERICA. 

The  American  Association  for  Labor  Legislation  is  actively 
working  for  the  improvement  of  laws  relating  to  the  welfare  of 
the  laborer.  This  association  has  become  deeply  interested  in 
the  question  of  illumination  as  affecting  industrial  hygiene,  and 
will  further,  by  all  means  in  its  power,  legislation  looking  to  the 
proper  regulation  of  lighting  conditions. 

The  American  Association  for  the  Conservation  of  Vision  was 
organized  in  March  and  incorporated  in  June  of  this  year.  The 
work  of  this  association  is  divided  into  six  departments,  two  of 
which  are  concerned  with  illumination,  viz..  the  industrial  and 
educational  departments,  the  former  dealing  with  all  problems 
affecting  the  care  and  use  of  the  eyes  in  the  industries,  and  the 
latter  the  hygiene  of  the  eyes  in  schools  and  institutions.  Each 
department  consists  of  a  director,  and  as  many  associates  as  may 
Ik-  deemed  expedient.  Dr.  Louis  Bell  has  accepted  the  director- 
ship of  the  industrial  department,  and  has  chosen  a  numbi 
prominent  oculists   among  his  associates. 

An  important  part  of  the  work  of  this  department  will  be  the 

rmination  of  such  requirements  in  industrial  lighting  as  may 

be  considered   standard    and    fundamental,   and   which   may   thus 

e  as  a  basis  for  legislation.     To  this  end.  the  department  will 

rate  with  all  existing  bodies  dealing  with  any  phase  of  the 

subject.     A  committee  of  the  American  "Medical   Association,  of 

which    Dr.    William    Campbell    Posey    of    Philadelphia    is    chair- 
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man,  is  investigating  the  physiological  aspects  of  industrial  light- 
ing. The  Manufacturers'  Association  has  a  committee  inves- 
tigating particularly  the  economic  side  of  the  question.  With 
these  and  others  working  in  the  same  line  the  industrial  department 
will  actively  cooperate,  the  purpose  being  to  gather  data  and  in- 
formation from  all  available  sources,  and  where  there  are  still 
gaps  in  the  chain  of  evidence  to  have  special  investigations  con- 
ducted to  supply  the  deficiency.  From  this  collected  knowledge 
the  department  can  then  standardize  practises  and  formulate 
just  and  reasonable  requirements  for  legislation. 

There  are  two  organized  forces,  then,  in  this  country  working 
directly  toward  legislative  regulation  of  illumination,  viz.,  the 
American  Association  for  Labor  Legislation,  whose  business  it  is 
to  directly  instigate  and  promote  the  passage  of  legislation,  and 
the  American  Association  for  the  Conservation  of  Vision,  whose 
purpose  is  to  supply  as  an  impartial  authoritative  source  a  stand- 
ard of  practise  as  a  basis  for  such  legislation.  The  various 
scientific  societies,  particularly  the  Illuminating  Engineering  So- 
ciety and  the  ophthalmological  societies,  are  natural  tributaries. 

The  question  may  arise,  why  should  not  the  Illuminating  En- 
gineering Society  be  the  principal  rather  than  the  second  in  the 
work  of  promoting  legislation  on  illumination?  There  is  a  good 
and  sufficient  reason :  the  Illuminating  Engineering  Society,  os- 
tensibly at  least,  is  an  association  of  professional  engineers.  It 
is  self-evident  that,  from  the  ethical  standpoint,  men  cannot  do 
collectively  what  they  could  not  properly  do  as  individuals.  Were 
an  illuminating  engineer  to  seek  the  enactment  of  legislation  re- 
quiring specified  conditions  of  lighting  in  the  industries  or  else- 
where he  would  be  open  to  the  charge  of  seeking  class  legislation 
which  would  directly  benefit  himself  and  his  confreres.  For  the 
same  reason  neither  the  association  collectively,  nor  its  members 
individually  as  professional  men,  can  advertise  or  use  other  means 
of  public  education  to  promote  better  practises  in  lighting.  Such 
publicity  work,  of  which  influencing  legislation  is  a  part,  can 
be  ethically  carried  on  only  by  social  organizations,  the  mem- 
bership of  which  has  no  commercial  interest,  directly  or  in- 
directly, in  the  objects  of  its  endeavor.  The  same  logic  applies 
to  the  ophthalmological  and  other  professional  and  scientific 
societies.     While  these  may  be  properly  looked  to  as  sources  of 
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scientific  knowledge  and    reliable  data,   publicity   and   legislation 
must  be  left  for  the  social  or  humanitarian  soci 

ATUS  of  legislative  regulation  of  illumination   in 

AMERICA. 
The   following  resume  of  legislation   in  this  country  is  taken 
from  an  article  on  factory  lighting,  contributed  by  the  author 
to  the  American  Legislative  Review?   which  is  the  official  pub- 
lication of  the  American  Association  for  Labor  Legislation : 

There  are  only  eleven  states  that  make  any  mention  of  the  subject  oflight 
in  their  general  factory  or  labor  laws,  and  in  not  one  of  these-  are  the  provi- 
sufficiently  specific  to  render  them  of  practical  value. 
Connecticut  provides  that  factories  be  "  well  lighted,"  and  th 
and  corrugated  windows  may  be  removed  if  injurious  to  the  eyes.  Illinois 
requires  halls,  stairways,  etc.,  to  have  lights  kept  burning  whenever  the 
building  is  in  use.  Maryland  requires  factories  to  be  "  well  and  sufficiently 
lighted."  Michigan  requires  foundries  to  be  "reasonably  well  lighted 
throughout  working  hours,"  and  grinding  and  polishing  cannot  be  done  in 

nts  unless  sufficient  light,  heat,  and  ventilation  are  providi 
scribed  by  the  factory  inspector.  In  Missouri,  Rhode  Island,  Ohio  and  New 
Jersey,  if  the  Commissioner  of  Labor,  or  inspector,  finds  the  heating,  1  i lt  1 1 1 - 
ventilation,  or  sanitary  arrangements  dangerous  to  health,  he  is  to  give 
notice  to  make  necessary  alterations.  New  York  and  Oklahoma  require 
workrooms,  halls,  and  stairways  leading  to  them,  to  be  properly  lighted. 
sylvania  has  the  same  requirement,  together  with  the  provision,  giv- 
ing the  inspector  power  to  require  alterations  where  lighting  is  not  sufficient. 

CONDITION    OF    LEGISLATION    IN    EUROPE. 

The    American    Association    for    Labor    Legislation    has    its 

counterpart  in  most  European  countries.     So  far  as  the  author 

a  are,  these  associations  have  not  as  yet  actively  promoted 

lation  in  regard  to  industrial  lighting,  but  they  probably  will 

follow  the  example  set  by  the  American  Association. 

The  second  Congres  Internationele  des  Maladies  Profession- 
nelles,  held  in  Brussels  last  year,  considered  the  subject  of  light- 
ing, a  paper  being  presented  by  Mr.  Leon  Gaster. 

The  subject  was  later  brought  to  the  attention  of  the  British 
home  office,  and  the  chief  factory  inspector  was  directed  to  in- 
vestigate the  subject  of  industrial  lighting  with  reference  to 
legislation. 

The  question  of  illumination  in  connection  with  ventilation 
•ras  taken  up  by  the  Commission  on  Public  Health  in  the  Third 
•' 
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District  of  Paris  in  1904,  who  brought  the  matter  to  the  notice 
of  the  Minister  of  Commerce  and  Industry.  The  regulations 
put  in  force  in  1894  stipulated  that  "Confined  work  shops  in 
which  employees  are  constantly  at  work  must  not  be  crowded*** 
These  premises,  especially  passages  and  staircases,  must  be  suit- 
ably illuminated."  Later  in  the  same  year  the  general  regulations 
were  more  definitely  stated.  The  question  then  arose  as  to 
whether  this  general  requirement  that  premises  be  suitably  il- 
luminated was  sufficient,  and  the  matter  was  referred  back  to 
the  Commission  on  Public  Health.  The  following  extracts  from 
the  report  of  this  commission  are  from  the  translation  in  the 
Illuminating  Engineer,2  London,  which  gives  a  general  resume 
of  legislative  enactments  in  the  different  European  countries : 

The  use  of  artificial  light  leads  to  two  sources  of  inconvenience  to  the 
worker.  The  light  fatigues  the  vision,  and  in  addition,  works  in  which 
artificial  light  is  employed  leave  something  to  be  desired  from  the  hygienic 
standpoint  in  other  respects.     Let  us  consider  these  two  questions. 

From  the  point  of  view  of  convenience  to  eyesight  no  conditions  equal 
those  existing  when  the  work  is  carried  out  by  proper  daylight  illumination. 
Close  to  a  window  from  which  a  large  sky  area  is  visible,  the  average  illumi- 
nation on  an  ordinary  day,  leaving  out  of  account  the  direct  rays  of  the  sun, 
may  amount  to  forty  or  fifty  lux.s  This  order  of  illumination  is  that  which 
general  considerations  suggest  is  desirable  for  the  ordinary  classes  of  work. 

The  artificial  illumination  provided  may  vary  in  intensity,  in  quality,  and 
in  the  method  of  distribution.  As  regards  intensity,  it  may  be  suggested 
that  in  favorable  circumstances  good  conditions  are  represented  by  an  illumi- 
nation of  the  order  of  fifteen  lux,  even  in  the  case  of  works  devoted  to  sew- 
ing or  printing.     In  a  spinning  factory  a  value  of  five  lux  may  be  suggested. 

In  addition  the  quality  of  the  light  available  varies  very  greatly,  according 
to  the  degree  of  incandescence4  of  the  sources  employed. 

In  the  case  of  an  artificial  source  of  light  of  specified  intensity,5  a  high 
percentage  of  the  less  refrangible  rays  from  the  yellow  onward  promotes 
visual  acuity,  but  adds  little  to  the  integral  brightness  of  the  source.     On 

-  III.  Eng.  London,  vol.  2,  p.  319. 

3  By  "lux"  is  understood  the  illumination  corresponding  to  normal  incidence,  and 
caused  by  the  rays  from  a  source  of  intensity  1  bougie-decimale,  /'.  e.,  1/20  of  the  Voille 
standard,  at  a  distance  of  1  meter. 

4  The  "degree  of  incandescence"  of  a  source  may  be  expressed  in  terms  of  the  values 
of  intensity  obtained  when  first  the  rays  are  passed  through  a  solution,  which  only  allows 
rays  of  a  wave  length  of  0.582/n  to  pass,  and  secondly,  through  a  red  glass  only  allowing 
rays  in  the  neighborhood  of  0.6571a  to  be  transmitted. 

6  The  intensities  of  two  sources  of  light,  which  differ  in  composition,  cannot  be  rigid- 
ly compared  with  and  expressed  in  terms  of  a  standard  from  which  they  differ.  An  esti- 
mate of  their  relative  intensities  can  be  made,  however,  by  comparing  them  in  the  neigh- 
borhood of  0.582/u,  which  can  be  accomplished  by  causing  the  rays  to  be  transmitted 
through  an  appropriate  solutiou  or  colored  glass. 
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the  other  hand,  a  high  percentage  of  radiation  in  the  blue  and  violet  regions 
of  the  spectrum  causes  illuminated  objects  to  appear  brighter  and  enables 
colors  to  be  distinguished  better,  but  these  highly  refrangible  rays  do  not 
greatly  contribute  towards  the  assistance  of  acuteness  of  vision. 

Finally  there  is  the  question  of  the  distribution  of  light  in  the  workshop 
to  be  considered.  If  the  sources  of  light  are  directly  visible,  this  fact  tends 
to  fatigue  the  eyes,  owing  to  the  accidental  production  of  bright  retinal 
images.  Even  if  these  sources  are  not  directly  gazed  at,  the  mere  fact  that 
they  are  within  the  range  of  vision  causes  the  pupil  to  contract,  with  the 
result  that  the  general  surroundings  appear  to  the  eye  as  if  less  brightly 
illuminated  than  they  actually  are. 

Then,  wdienever  the  illumination  seems  insufficient,  the  workman  is  com- 
pelled to  bring  his  eyes  near  to  the  work,  and  the  tendency  to  visual  fatigue 
following  near  accommodation  is  intensified.  Fatigue  of  this  nature  is  liable 
to  lead  to  progressive  myopia;  in  the  case  of  long-sighted  people  it  is  par- 
ticularly liable  to  cause  headache  and  other  troubles.  We  have  not  troubled 
to  consider  the  corresponding  case  in  which  the  actual  or  relative  illumina- 
tion of  the  workshop  is  high  enough  to  be  inconvenient,  this  being  a  state 
of  affairs  which  is  not  met  with  under  ordinary  practical  conditions. 

This  question  of  the  effect  of  illumination  upon  the  organs  of  sight  is  im- 
portant, especially  in  the  case  of  those  whose  eyes  are  very  sensitive.  But 
habitually  working  under  artificial  illumination  is  apt  to  lead  to  other  grave 
troubles.  In  workshops  so  lighted  the  general  hygienic  conditions  are 
usually  more  or  less  unsatisfactory.  In  cases  in  which  natural  illumination 
is  employed  by  day,  and  we  only  have  recourse  to  artificial  lighting  by 
night,  the  premises  will  probably  not  become  unhealthy  in  themselves,  but 
vet  habitual  working  in  the  night-time  is  open  to  well-known  objections 
from  the  hygienic  and  social  point  of  view.  But  the  existence  of  workshops 
which  are  illuminated  solely  by  artificial  means  is  yet  more  to  be  deplored. 
The  danger  of  insanitary  and  unhealthy  conditions  arising  in  circumstances 
in  which  the  microbe-destroying  action  of  the  sun's  rays  is  not  available 
need  hardly  be  insisted  upon.  Such  conditions  are  known  to  be  particular- 
ly favorable  to  the  development  and  propagation  of  tuberculosis. 

Premises  which  are  used  continuously  at  all  hours,  and  from  which  the 
sunlight  is  always  excluded,  are  also  liable  to  suffer  as  regards  ventilation. 

vitiation  of  the  air  is  tin-  more  to  be  feared,  because,  except  in  th 
of  electricity,  the  illuminants  themselves  help  to  use  up  the  available  air 
and  add  their  products  of  combustion   to  an  atmosphere  which  already  suf- 
fers from  the  respiratory  products  of  the  inmates. 

The  evil  of  artificial  lighting  is  partially  limited  by  the  fact  that  it 
pensive.  Moreover,  work  is  never  so  well  or  so  rapidly  done  by  the  aid  of 
as  by  daylight.  It  is  certain,  therefore,  that  manufacturers  only 
have  recourse  to  artificial  light  when  they  are  compelled  to.  The  State  is 
hardly  in  a  position  to  forbid  the  carrying  out  of  work  under  these  circum- 
stances, but  even  if  working  by  night  be  regarded  as  inevitable,  however, 
special  reservations  may  be  made  in  the  case  of  women  and  children. 

Rooms  from  which  the  rays  of  the  sun  are  always  excluded  are  usually  of 
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a  very  special  nature,  such  as  vaults  for  the  storage  of  wine  or  beer,  refrig- 
eratory apartments,  etc.;  there  are  also  workshops  in  the  basements  or  at 
the  back  of  buildings,  chiefly  situated  in  the  center  of  Paris.  Premises  of 
the  first  class  are  not  very  numerous.  As  regards  the  underground  or  back 
workshops  referred  to,  it  ma}'  be  pointed  out  that  land  in  the  centre  of  Paris 
is  so  dear,  and  the  demands  of  business  so  exacting  in  this  region,  that  it 
would  be  impossible  to  forbid  their  use  altogether  without  greatly  injuring  a 
considerable  number  of  important  vested  interests.  All  that  can  be  done  at 
the  present  time  is  to  insist  upon  such  premises  being  as  well  ventilated  and 
lighted  as  possible.  The  severity  of  regulations  affecting  the  lighting  and 
general  conditions  prevalent  in  such  workshops  would  in  itself  tend  to  dis- 
courage their  too  rapid  growth,  and  would  possibly  reduce  the  number 
already  in  existence. 

Before  concluding  it  may  be  well  to  throw  a  glance  over  the  legislation  in 
other  countries  affecting  this  matter. 

In  Belgium  the  wording  of  the  royal  decree  of  March  30,  1905,  relating  to 
the  health  and  safety  of  workers  in  industrial  undertakings,  as  specified  in 
the  law  of  December  24,  1903,  is  as  follows  : 

''Art.  6.  Workrooms  shall  be  suitably  illuminated.  During  the  day  they 
must  receive  adequate  daylight  illumination.  In  all  cases  artificial  illumina- 
tion is  admissible,  if,  owing  to  the  position  of  neighboring  buildings  or  on 
account  of  other  industrial  conditions,  the  rooms  do  not  receive  the  degree 
of  illumination  which  the  work  carried  out  demands." 

In  addition  these  regulations  contain  the  following  specifications  regard- 
ing artificial  illumination : 

"  Art.  7.  The  artificial  lighting  shall  provide  a  constant  and  sufficient 
degree  of  illumination.  Suitable  measures  must  be  taken  to  ensure  that  the 
means  of  illumination  do  not  unduly  heat  or  vitiate  the  air  in  the  premises. 

''Art.  9.  Workmen  must  be  protected  against  excessive  radiation  from 
the  illuminating  apparatus." 

In  Holland  the  royal  decree  of  January  31,  1897,  relating  to  the  conditions 
of  working  of  female  and  young  employees  under  unhealthy  or  dangerous 
conditions  does  not  allow  the  person  protected  to  be  employed  on  premises 
where,  between  9  in  the  morning  and  3  in  the  afternoon,  artificial  means 
have  to  be  resorted  to  in  order  to  secure  sufficient  illumination  (save  only  in 
exceptional  cases,  when  the  condition  of  the  atmosphere  renders  artificial 
light  essential).  Moreover,  the  intensity  of  illumination  must  conform  with 
certain  definite  requirements.  In  the  case  of  the  following  trades — embroid- 
ery, working  in  precious  stones,  gold,  and  silver,  engraving  metals  or  wood, 
the  manufacture  of  instruments,  printing,  mechanical  knitting  and  quilting, 
sewing,  draughtsmanship,  the  repairing  of  clocks  and  watches— an  intensity 
of  at  least  fifteen  bougie-meters  is  prescribed.  In  the  case  of  other  works 
requiring  good  lighting,  an  intensity  of  ten  bougie-meters  is  necessary. 

In  Austria  the  regulations  of  the  Minister  of  Commerce,  dated  November 
23,  1905,  and  applying  to  industrial  licensed  premises,  contains  the  following 
passage,  under  the  title  '  Natural  and  Artificial  Illumination  '  : 
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•■  12.     The  windows  and  skylights  in  workshops  and  factories  tnusl 

ned  as  to  be  adequately  illuminated  for  the  purposes  of  facilitating  the 
work  executed  by  the  light  they  furnish.     Measures  must,  however,  be  taken 
to  secure  that  workers  are  not  subjected  to  the  direct  rays  of  the  sun  in 
fined  places. 
"  13.     All  factories ••••  must  be  adequately  lighted  during  the  day." 
In  Germany,  in  the  special  case  of  printing  works  and  factories  for  the 
casting  of  type,  we  observe,  in  the  regulations  prescribed  on  July,  3] 
the  following  remarks  : 

"  I.     The  floor  of  such  factories  must  1  than   1  meter  below  the 

ground-level.  Exceptions  may,  however,  be  authorized  by  the  authorities, 
provided  special  appropriate  provision  is  made  for  hygienic  ventilation  and 
lighting.  •  •  • 

"3.      ....The  rooms  must  be  furnished  with  windows  in  sufficient  nuffl- 

;d  of  sufficient  area  in  order  to  illuminate  the  premises  satisfactorily 

Illuminating  apparatus  capable  of    giving  rise  to  production 
lerable  amount  of  heat  must  be  provided  with  means  of  protection  in 
stub  a  way  as  to  avoid  excessive  heating  of  the  workshop." 

In  Switzerland  the  regulation-,  issued  by  the  Federal  Council  in  December 
mtain  the  following  directions  as  to  the  rebuilding  of  factorie-  ■  •■  • 
"C.     The  windows  shall  be  at  least    [.80  m.  in  height  and  their  distance 
from  the  ceiling  shall  not  exceed  30  centimeters. 

"D.     Workshops- •  ••must  be  provided  throughout  with  satisfactory  nat- 
ural and  artificial  illumination." 

In  the  Grand  Duchy  of  Luxemburg  the  regulations  are  as  follows  :     Grand 

D   cree  of   March    II,   1904,   with   reference  to  the  security  and  health 

irkers  in  industrial  factories  and  offices.  Art.  6)  :     "Premises  wherein 

tried  out  must  be  provided  with  suitable  natural  illumination  by 

:id   with   proper  artificial  illumination    by  night.     The  artificial   means 

bring  mu>t  be  such  as  to  enable  a  suitable  order  of  illumination  to  be 

Finally,  we  may  quote  the  law  of  January  t6,  1904,  in  Western  Australia, 
which  is  as  foll< 

"  The  inspector  may,  at  the  desire  of  the  author:: 

cupant  of  a  factory  or  workshop,  etc.,  prescribe  what  space  oft 

shall    be   reserved   for  the   use  of   each    ;  irking 

a ••••  The  space  so  to  be  reserved  shall   not  be  deemed  to  1 
perly  lighted,  eti 
d  with  the  various  regulations  on  th  gn  nations,  the 

b  regulations  of   November  29,    [904,  appear  to  fill  an  in  term  1 
ition  in  the  scale  of  severity. 
Witl  cription  is  a  little  vague,  but  it  is  not  • 

dug  more  definite  without  insisting 

1  the  flexible  and  variable  modern  industrial  condi- 
xcessive  in  mai 
The  Administration  can,  therefore,  only  spec  if)  d<  tails  in  this  matti 

■f  recommendation.     In  this  way  it  may  be  !   that  walls  of 
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workshops  should  be  painted  a  light  color  so  as  to  avoid  absorption  of  light 
and  facilitate  diffusion. 

In  cases  in  which  the  illumination  is  furnished  by  one  or  more  sources  of 
light  of  high  temperature  (such  as  the  electric  arclight,  it  is  desirable  that 
the  tint  of  the  walls  should  verge  upon  the  yellow,  in  order  to  reduce  the 
proportion  of  highly  refrangible  rays  in  the  light  utilized.  The  direct  rays 
from  the  arc  should  never  be  received  by  the  eye;  an  excellent  method  of 
illumination  is  to  project  the  light  from  the  arc  on  to  a  white  ceiling,  at  the 
same  time  screening  it  in  a  downward  direction;  in  this  way  the  available 
illumination  is  provided  by  the  light  transmitted  through  the  screen  rein- 
forced by  that  reflected  from  the  ceiling.  As  a  matter  of  general  principle, 
sources  of  light,  especially  those  of  intense  brilliancy,  should  invariably  be 
placed  outside  the  field  of  vision  of  the  workers. 

But  however  high  the  value  of  these  recommendations  is  felt  to  be,  it  ap- 
pears undesirable  to  give  them  the  form  of  definite  legal  regulations.  In 
this  report  it  is  only  desired  to  express  the  entire  approval  of  the  Adminis- 
tration as  to  the  regulations  specified  in  Article  5  of  the  Regulations  of 
November  29,  1904. 

The  question  of  industrial  lighting  has  again  been  taken  up 
by  the  French  government,  which  has  appointed  a  special  com- 
mission to  investigate  and  report.  The  official  announcement,  as 
translated  by  the  Illuminating  Engineer,  London,  is  as  fol- 
lows : 

At  the  instigation  of  the  French  Minister  of  the  Interior  a  Technical  Com- 
mittee has  been  appointed  to  deal  with  natural  and  artificial  illumination, 
and  having  for  its  main  objects- - 

1.  To  study,  from  the  standpoint  of  general  health  and  its  effects  upon 
vision,  the  various  methods  of  artificial  lighting  now  in  use. 

2.  To  determine  the  composition  and  quality  from  a  hygienic  standpoint 
of  the  different  combustible  illuminants,  and  to  examine  the  effect  of 
prejudicial  gases  and  the  amount  of  heat  developed  thereby. 

3.  To  fix  a  certain  minimum  amount  of  artificial  illumination  favorable  to 
the  normal  requirements  of  vision. 

4.  To  study  the  most  practical  methods  of  measuring  illumination. 

5.  To  formulate  recommendations  governing  the  best  means  of  applying 
customary  methods  of  lighting  to  the  chief  varieties  of  industrial  operations. 

6.  To  present  to  the  Ministry  a  report  on  the  subject  of  short  sight  and 
impairments  of  vision  and  on  the  best  methods  of  guarding  against  the 
causes  of  myopia. 

This  committee  is  to  present  a  summary  of  its  work  to  the  Ministry  of 
the  Interior  every  three  months,  and  at  the  end  of  the  year  to  present  a  final 
report  embodying  its  conclusions. 

The  carrying  out  of  this  project  will  be  the  charge  of  the  Directeur  de 
1' Assistance  et  de  l'Hygiene  Publiques.  The  Committee  is  of  a  most  repre- 
sentative character.  It  includes  among  its  members  medical  men  in  practise, 
^professors  of  physics  and  ophthalmology,  representatives  of  gas  and  electric 
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lighting,  inspectors  of  factories  and  worksho]  nd  should,  then 

1  most  valuable  center  for  impartial  information  of  hygienic  aspects 
of  lighting.  The  progress  of  the  work  of  this  Committer  will  be  watched 
with  great  interest  by  all  in  this  country  concerned  with  illuminating  engi- 
neering. 

A  PRACTICAL   ILLUMINOMETER  ESSENTIAL    o>  SPECIFU  ilVF. 

REQUIREMEN1  s. 

The  one  weakness  of  all  legislation  on  the  subject  of  illumina- 
tion thus  far  i<  it-  lark  of  definiteness.  The  only  requisite  to 
the  removal  of  this  fault  is  a  practical  illuminometer.  By  this 
will  he  understood  an  instrument  possessing  the  following  quali- 
ties: 

1  1  )  Absolute  portability.  It  must  be  as  easily  carried  a-  the 
larger  sizes  of  photographic  cameras  of  the  kodak  order. 

-  I   An  accuracy  in  the  hands  of  a  non-technical  and   inex- 
perienced user  of  not  less  than  10  per  cent. 

Moderate  cost.     It  should  not  e.\  '.00. 

There    i-   no    reason    why   an    instrument    fulfilling   all    these 
conditions  should  not  be  produced;  in   fact,  the   illuminometer 
Jit  out  within  the  year  by  Dow  and  Mackinney  in  England, 
come-  si,  near  meeting  the  conditions  that  it  only  needs  to  be 
Americanized  to  he  fully  up  to  the  requirement-.      The  only  thing 
it  lacks  i-  a  cheap  and  reliable  current   indicator.     Such   an   in- 
strument need  not  read  in  unit-,  but  simply  indicate  a  constant 
tial    or    current    strength.     With    this,    and    three    or    four 
ordinary  dry  cell-,  a  standard  light  of  great  accuracy  i-  obtained; 
and  there  i-  no  reason  why  measurements  of  surface  brightness 
<>r  intensity  of  illumination  should  not  be  made  by  the  ordinary 
with  an  accuracy  of  from  2  to  ]  'it.,  probably 

r  the   former  figure. 
With  such  an  instrument  available  the  conditions  of  illumina- 
tion can  be  accurately  specified  in  the  labor  or  factory  law-.      In 
illumination  i>  susceptible  of  much  more  accurate  definition 
than  ventilation.     A-  the  perfection  of  the  necessary  instrument 
i-  unquestionably  near  at  hand,  and  a-  th< 

ready  to  promote  legislation  ;  will 

A.  it  i-  safe  to  assume  that  lighting  in  the  ii  ,   in- 

cluding the   employment   of   clerical    labor,   and    in   public    : 
tutions,  will  '  Red  by  law  in  the  not  distant   future. 
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REGULATION    OF    INDUSTRIAL    LIGHTING    BV    ORGANIZED    LABOR. 

Not  less  important  than  the  agitation  of  legislation  on  this 
subject  is  the  interest  which  organized  labor  is  beginning  to  take 
in  questions  of  industrial  hygiene.  Some  two  years  ago  there 
was  a  general  strike  in  the  suit,  cloak  and  skirt  industry  in  New 
York  City,  which  resulted  in  a  substantial  victory  for  the  opera- 
tives. Among  the  original  demands  was  one  for  better  sanitary 
conditions  in  the  shops.  In  the  settlement  it  was  agreed  be- 
tween the  employers  and  employees  that  a  board  of  sanitary  con- 
trol should  be  appointed,  which  should  have  authority  to  prescribe 
a  code  of  regulations  affecting  factory  sanitation.  This  board 
secured  the  advice  of  a  number  of  specialists  in  the  several 
branches  of  sanitation,  including  an  illuminating  engineer.  An 
inspection  was  made  of  every  factory  or  shop  which  could  be 
found  on  Manhattan  Island,  numbering  something  over  twelve 
hundred.  As  a  result  of  this  investigation,  and  the  advice  of 
experts,  a  code  of  regulations  was  issued  which  contains  the  fol- 
lowing provisions  with  reference  to  lighting: 

Halls  and  stairways  leading  from  shops  to  be  adequately  lighted  by 
natural  or  artificial  light. 

Sufficient  window  space  to  be  provided  for  each  shop,  so  that  all  parts  of 
the  shop  to  be  well  lighted  during  the  hours  from  9  a.  m.  to  4  p.  m. 

Where  gas  illumination  is  used,  arc  lights  or  incandescent  mantles  should 
be  used. 

All  lights  to  be  well  shaded,  to  be  placed  above  operatives,  and  not  too 
near  them. 

During  the  past  winter  one  shop  was  adjudged  to  be  unsani- 
tary to  such  an  extent  as  to  justify  the  union  in  calling  out  the 
operatives,  as  a  result  of  which  the  proprietor  was  obliged  to  find 
other  and  better  quarters. 

The  effectiveness  of  this  method  of  controlling  the  physical 
conditions  of  labor  is  sufficiently  apparent.  Organized  labor, 
generally  speaking,  will  win  where  it  is  backed  by  public  opinion, 
and  in  all  measures  looking  toward  the  safe-guarding  of  health 
and  life  there  will  be  no  question  as  to  their  securing  public  ap- 
proval. 

DISCUSSION. 

Chairman  (Dr.  H.  B.  Iz'Cs)  : — I  am  sure  we  all  appreciate 
the  vast  importance  of  the  publicity  phase  of  any  subject  in 
which   we  are  interested.     At  the  close  of  his  talk  Air.   Elliott 
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expressed  an  opinion  as  to  how  much  a  society  which  is 
made  up  of  professional  men  can  get  into  this  publicity  work. 
He  1 1 : i -  given  it  as  hi-  opinion  that  this  is  a  society  of  illuminat- 
ing engineers  which  cannot  <lo  any  publicity  work  without  hav- 
ing its  motive  questioned.  J  think  some  of  us  look  upon  the 
society  as  an  illuminating  engineering  society,  which  can  pro- 
perly do  work  of  the  sort  under  discussion.  Perhaps  there 
arc  members  present  who  would  like  to  express  some  opinion  on 
this  point  in  discussing  the  paper. 

Mr.  E.  C.  Crittenden: — In  this  paper  there  is  one  point  that 
strikes  me  from  the  point  of  view  of  the  standardizing  labora- 
tory,  and  that  is  some  of  the  expressions  regarding  the  measure- 
ments of  illumination.  Jt  i-  highly  desirable  that  people  who 
have  to  do  with  snch  movements  as  Mr.  Elliott  outlines  should 
know  that  measurements  can  be  made  of  illumination  and  made 
fairly  reliable;  but  it  is  not  a  good  thing  to  give  the  impression 
that  any  inexperienced  and  non-technical  user  can  obtain  an 
accuracy  of  less  than  ten  per  cent,  with  any  instrument  that 
he  can  carry  around  in  his  pocket.  Referring  to  the  Sharp- 
Millar  illuminometer,  I  think  that  it  is  a  highly  useful  instru- 
ment but  I  believe  those  who  have  used  it  largely  would  not 
want  to  say  they  get  with  it  an  accuracy  better  than  that  which 
has  been  predicted  for  the  very  simple  instrument  proposed. 
We  have  felt  at  least  in  the  work  we  have  had  to  do  that  if 
we  had  to  swear  to  result-  closer  than  five  per  cent,  we  would 
he  in  danger  of  committing  perjury.  I  don't  believe  that  any 
try  inspector  of  considerable  experience  can  go  into  a 
•  ry  and  make  measurements  of  illumination  with  an  accuracy 
oi   two  per  cent.,  especially  if  there  is  any  difference   in 

die  illumination   and   the   standard   in   the  photometer. 

that  i-  not  depreciating  tin-  Sharp-Millar  ph 

but  rather  calling  attention  to  the  fact  that  any  such  photometer 

in  the  hands  of  an  inexperienced  observer  could   nol   be  relied 

upon  to  urive  highly  accurate  results,  and  that  the  experienced 

rver   must    use    extreme    caution. 

We  have  had  a  great  deal  of  discussion   which  calls  attention 

to  the  fact  that  the  mere  measurement  of  intensity  On  the 
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working  plane  may  not  mean  very  much ;  so  it  seems  to  me  in 
such  work  rather  than  to  try  to  get  instruments  with  which 
inexperienced  observers  can  make  observations  it  would  be  far 
better  to  turn  our  efforts  toward  having  inspections  made  by 
experienced  men  who  can  judge  the  results  obtained,  instead  of 
recording  merely  that  the  illumination  is  so  many  foot-candles. 

No  one  will  question  the  desirability  of  taking  some  steps 
for  the  conservation. of  the  eyesight  of  workers,  but  it  appears 
very  doubtful  whether  any  legislative  requirements  can  be  made 
definite  enough  to  be  effective.  An  appeal  to  the  public  spirit 
and  humanity  of  employers  may  accomplish  something,  and  as 
Air.  Elliott  has  said,  organized  labor  can  do  much  to  force 
amelioration  of  extremely  bad  conditions ;  but  I  believe  most 
effective  work  can  be  done  by  attacking  the  question  from  an- 
other side.  Most  employers  must  of  necessity  consider  the 
matter  on  a  basis  of  dollars  and  cents,  and  we  should  take  full 
advantage  of  the  fact  that  good  lighting  pays.  If  this  society 
or  the  Association  for  the  Conservation  of  Vision  or  any  other 
agency  can  convince  employers  in  general  that  money  invested 
in  good  lighting  is  returned  many  fold  in  increased  output  and 
better  work,  as  we  have  good  reason  to  believe  it  is,  we  shall 
have  gone  a  long  way  toward  securing  ideal  lighting  of  work- 
shops. 

Mr.  A.  J.  Marshall:— I  think  Mr.  Elliott's  idea,  at  least  as 
I  get  it,  is  that  instead  of  an  inspector  relying  purely  upon  the 
judgment  of  his  eye,  to  determine  degrees  of  brightness,  that 
he  avail  himself  of  a  portable  instrument  which  would  make 
his  readings  more  nearly  accurate.  Assuming  that  these  in- 
spectors are  inexperienced  at  the  start,  and  therefore  unable  to 
determine  within  a  few  per  cent,  illumination  values,  we  at 
least  can  respect  their  general  findings,  and  if  they  appear  to 
vary  widely  one  way  or  the  other  a  more  refined  reading  ma\ 
be  made  by  an  expert.  I  think,  however,  that  it  will  be  found 
that  as  the  inspectors  become  acquainted  with  the  instrument, 
their  ability  will  naturally  increase,  so  that  before  long,  even 
with  more  or  less  crude  illuminometers,  they  will  get  quite 
reasonable  results.  In  any  event,  it  is  probable  that  a  good 
durable  illuminometer   would  be  preferable  to  the  human  eye. 
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Mr.   (/'.   II.   Stickncy. — This   paper   brings   up   an   important 
branch  of  work  in  which  it  seems  to  me  the  Illuminating  En- 
ting    S  ciety   can   contribute   to   advantage.     That    legisla- 
is  needed   in   connection   with   the   regulation  of   illumina- 
self-evident     It  must  also  be  evident  that  such  legisla- 
tion will  come  sooner  or  later.     One  of  the  dangers  which  we 
now  face  i>  that  some  of  the  legislation  may  come  too  suddenly, 
so   that   it   may   be   ill-advised   and   not   productive  of   as  good 
results  as  might  he  obtained   with   mature  consideration.     The 

now   existing   with   regard   to   light   and   illumination. 
pecially  as   applied  to  candle-power,  are   many   of   them   based 
misconception    and    are    therefore    ineffective    or    harmful. 
instance,  I  had  occasion  about  two  years  ago  to  make  an 
stigation  into  the  laws  of  various  states  applying  to  loco- 
e  headlights.     In  reviewing  the  few   laws  existing  on  the 
subject,  I  found  nowhere  a  clear  and  definite  statement  regulat- 
ing the  intensity.     In  a  number  of  states  there  were  laws  to 
the  effect  that  headlights  should  have  a  power  of  2,000  candles. 
.  what  does  this  mean  ?     Does  it  mean  that  the  lamp,  with- 
out  reflector,   should  give  2,000  candle-power,  or  that  the  in- 
tensity of  the  beam  should  be  2,000  candle-power?     I  presume 
that  the  former  was  intended,  although  the  latter  would  be  im- 
plied from   the  wording.     When  one  considers  that  a  beam  of 
5,000  to  6,000  apparent   candle-power   is   obtained   at    100    feet 
a    1 5- watt   tungsten   lamp  in   an   automobile  headlight   re- 
flector, the  indefiniteness  of  the  legal  specification  and  the  chance 
that  it  will  fail  in  its  purpose  are  readily  evident. 

It  seems  to  me  that  the  society  could  d<>  something  toward 

guiding  legislation  to  the  end  that  we  may  have  wise  and  definite 

.  and  also,  by  cooperation  with  the  American  Society  for 

the  Conservation  of  Vision  and  through  such  other  channels  as 

may  seem  best,  to  disseminate  knowledge   and  create  a   public 

nion  which  will  guard  against  such  contingencies. 

Dr.  Winthrop  Talbot: — It  has  been  my  privilege  to  come  di- 
rectly here  from  the  Conservation  (  in  Kansas  City  where 
r  part  of  the  session  was  given  over  to  a  consideration 
of  human  conservation.     An  effort  i-  being  made  to-day  to  bring 
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about  on  the  part  of  employers  of  labor,  that  is  say  through  the 
national  associations  of  manufacturers  in  different  lines,  the 
establishment  of  committees  on  human  conservation  to  deal  with 
all  problems  relating  to  human  comfort  and  human  efficiency. 
That  this  movement  will  be  thoroughly  organized  during  this 
coming  year,  is  probable.  Legislation,  I  feel,  should  not  be  too 
far  in  advance  of  the  popular  education  on  the  matter  legislated 
about.  In  addressing  the  state  inspectors  of  factories  of  Ohio 
last  winter  it  was  a  matter  of  greatest  interest  to  me  to  find  that 
the  personnel  of  that  body  was  of  a  very  high  order;  that  is  to 
say,  the  men,  and  the  women  too,  were  deeply  and  sincerely 
interested  in  bringing  about  better  conditions.  Therefore,  it 
seems  to  me  that  at  the  present  time  one  is  justified  in  advo- 
cating legislation  which  shall  be  directive  and  educative  in  char- 
acter. It  would  seem  as  though  any  factory  inspector  might  be 
required  by  law  to  report  whether  in  his  judgment  the  illumina- 
tion in  any  particular  industry  was  sufficient  and  satisfactory. 
His  judgment  could  then  be  verified  by  further  examination.  T 
have  been  greatly  impressed  in  inspecting  factories  where  elec- 
tric lamps  are  made  to  find  that  there  the  methods  of  illumina- 
tion are  oftentimes  open  to  severe  comment.  I  believe  we  should 
rectify  the  faults  which  lie  near  us  before  criticising  others.  One 
of  the  main  points  of  criticism  I  would  make  about  the  efficiency 
in  the  lamp  making  industry  is  that  there  is  oftentimes  too  much 
light,  too  much  illumination.  There  has  been  a  number  of  cases 
Where  eyes  have  been  hurt  through  too  much  illumination. 
Therefore,  the  amount  of  illumination  in  any  given  industry,  1 
believe,  must  be  determined  carefully  by  the  particular  needs  in 
the  particular  operation  for  which  light  is  to  be  provided.  I 
doubt  whether  we  can  go  further  into  legislation  pertaining  to 
industrial  conditions  to-day  than  for  the  inspector  to  report 
whether  the  illumination  is  satisfactory  or  not  satisfactory,  and 
that  he  be  given  authority  to  require  changes  to  be  made. 
Legislation  on  this  subject  should  be  advocated  I  believe  to  this 
extent  at  least. 

Dr.  M.  G.  Lloyd: — There  is  one  aspect  of  legislation  for 
which  I  think  the  time  is  ripe  and  which  should  be  a  very 
simple  proposition,  and  that  is  in  regard  to  the  glare  of  auto- 
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mobile  headlights.  The  subject  is  one  on  which  their  seems 
I  be  enough  general  opinion  so  that  it  is  unnecessary  to  argue 
for  it.  Some  municipalities  have  adopted  ordinances  covering 
this  point,  but  1  have-  tailed  to  notice  that  they  have  been  en- 
forced very  rigidly.  It  seem--  lis  me  that  this  is  a  thing  the 
members  of  this  society  might  advocate  in  their  own  districts, 
and  I  trust  that  those  who  drive  automobiles,  and  no  doubt  there 
are  many  of  them  in  the  society,  will  make  it  a  point  of  set- 
ting an  example  in  their  own  neighborhoods  h\  keeping  their 
headlights   directed   below    the   horizontal. 

.1//-.  /.  R.  Cravath: — There  i-  no  doubt  that  we  will  have 
legislation  some  day  and  that  we  ought  to  have  it.  but  there- 
arc-  many  points  undecided  at  the  present  time.  It"  I  were  asked 
to  formulate  anything  more  than  the  simph  -t  laws  I  should 
are  undertake  the  task.  This  is  a  problem  we  should  be 
thinking  about. 

Mr.  li.  L.  Elliott  (in  reply)  : — As  to  the  accuracy  of  measure- 
ment, what  I  say  of  inexperienced  and  non-technical  observers 
need-  to  he  qualified.  Jn  the  actual  working  out  of  an)  factory 
law  in  which  there  is  measurement  of  illumination  it  is  a  matter 
of  course  that  the  inspector  will  soon  become  familiar  with  his 
instrument.  Secondly,  1  think  it  is  the  experience  of  those  using 
and  comparing  results  of  illuminometers  that  while  there  i-  con- 
siderable error  between  different  individuals,  the  errors  of  meas- 
urements of  the  same  observer  are  not  large,  especially  after 
he  get-  the  hang  of  his  instrument.  It  would  hi-  a  necessity  if 
any  great  accuracy  were  required  for  the  different  inspectors  to 
calibrate  themselves  if  they  wanted  to  check  results  one  against 
.mother:  but  1  dare  say  that  one  inspector  after  a  week"-  work 
would  bring  hi-  own  readings  of  the  instrument  within  reasonable 
-ion.  say  to  within  five  or  ten  per  cent.:  then  by  calibrating 
the  different  observers  their  results  could  he  compared.  I  know- 
that  even  in  I  of  the  mercury-vapor  light  in  comparing 
my  own  readings  with  those  of  another  inexperienced  observer, 
that  by  agreeing  upon  our  method-  of  observation  we  soon 
were  able  to  get  exceedingly  concordant  results. 

As    to   the   employer'-    interest    in    legislation,    that    of   course 
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must  not  be  left  out  of  the  question.  In  the  Joint  Board  of 
Sanitary  Control  regulations,  which  I  must  confess  to  having 
had  a  part  in,  I  dwelt  upon  the  fact  in  my  report  that  it  was  most 
important  to  the  manufacturer  to  make  all  the  regulations  re- 
quired to  protect  the  operator,  and  that  it  would  be  a  benefit 
to  the  manufacturer  in  increasing  the  efficiency  of  his  labor; 
therefore,  there  need  be  no  hesitation,  so  far  as  the  manufacturer 
was  concerned  to  comply  with  the  regulations.  The  question  was 
brought  up  by  Mr.  Williams,  Labor  Commissioner  of  New  York 
State,  as  to  what  effect  it  would  have  upon  the  manufacturers. 
I  made  the  same  point,  that  the  legislation  would  not  be  burden- 
some, provided  of  course  that  the  regulations  were  reasonable. 

As  to  specifying  what  kind  of  illumination,  Mr.  Cravath,  and 
perhaps  others,  would  hesitate.  There  is  an  adage  about  cer- 
tain individuals  being  willing  to  rush  in  where  angels  fear  to 
tread.  I  confess  I  am  ready  to  rush  in.  I  am  willing  to  specify 
that  in  storage  rooms  and  passageways  and  alley-ways  that  the 
illumination  shall  not  be  less  than  a  thousandth  of  a  foot- 
candle.  I  don't  think  I  would  be  taking  any  risk  if  I  specified  that 
in  a  low  passageway  of  a  store  room  where  workmen  were  obliged 
to  move  about  carefully  that  the  illumination  should  not  be 
less  than  a  quarter  of  a  foot-candle  in  intensity.  I  believe  that 
it  is  possible  to  specify  the  minimum  illumination  or  the  approxi- 
mate illumination  required  for  most  any  kind  of  work  so  as  to 
prevent  abuses ;  and  the  prevention  of  abuses  is  about  the  most 
we  can  hope  for  in  such  kind  of  legislation. 

Xow,  then  the  relation  between  light  and  industrial  accidents 
is  a  very  important  one.  I  didn't  bring  it  out  in  this  paper. 
There  was  a  most  convincing  paper  on  that  subject  given  by  Mr. 
Calder  before  the  American  Societv  of  Mechanical  Engineers  last 
winter  in  which  he  showed  by  a  curve  and  table  the  proportion 
of  accidents  in  the  different  months,  starting  with  June,  reaching 
its  maximum  in  December,  and  then  running  right  down  to  the 
next  June  again.  There  is  only  one  conclusion  to  draw  from  it. 
that  industrial  accidents  occur  in  dark  months,  and  if  industrial 
accidents  occur  in  dark  months  they  are  due  to  a  lack  of  proper 
illumination.  Industrial  accidents,  if  they  are  due  to  bad  il- 
lumination, can  certainly  be  largely  reduced  by  requiring  certain 
minimum  illumination  in  different  cases. 
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to  the  suggestion  made  by  our  chairman  that  there  might 
be  a  difference  of  opinion  as  to  whether  the  Illuminating  Engi- 
neering Society  might  advocate  certain  legislation,  that  is  a  ques- 

but  I  believe  that  our  society  has  got  to  be  one  of  two 
things,  it  has  got  to  be  an  engineering  society  or  a  social  or- 
ganization. 


-V 
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COUNCIL  NOT  I  B. 


The  November  meeting  of  the  council  was  held  on  the  10th 

tit  in  the  general  office  of  the  society,  28  West  Thirty-ninth 

Stieet,  New  York.     Dr.  A.  E.  Kennelly,  president;  V.  R.  Lan- 

singh,  treasurer;   L.   B.   Mark?,   E.   B.   Rosa  and   P.    S.   Millar, 

general  secretary,  were  present. 

After  the  adoption  of  the  minutes  of  the  October  meeting, 
monthly  reports  were  received  from  the  general  secretary  and 
the  chairman  of  the  finance  committee,  Mr.  L.  B.  Marks. 

Authorization  was  given  to  Mr.  Marks  to  engage  a  certified 
public  accountant  to  audit  the  books  of  the  society  for  the  year 
ending  December  31,   191 1. 

The  following  proposal  to  amend  section  7.  article  4,  of  the 

by-laws  received  an  initial  reading: 

it  the  phrase  "by  a  public  auditor''  in  the  present  by-law 

which  reads  as  follows : 

Article  4,  Section  7. — The  accounts  of  the  secretary  and  treasurer,  shall  be 
audited  annually  just  prior  to  the  annual  meeting  by  a  public  auditor. 

The  executive  committee  reported  that  it  had  accorded  authori- 
zation to  either  the  sub-committee  or  the  committee  on  nomen- 
clature and  standards  to  proceed  with  the  work  of  enlisting  in- 
ternational cooperation  on  the  subject  of  photometric  units  and 
nomenclature  in  accordance  with  the  action  taken  by  the  Balti- 
more convention  (1910)  and  the  proposal  of  the  sub-committee 
th  in  it-  progress  report  presented  at  the  Chicago  con- 
vention ion).  The  executive  committee  asked  the  approval 
of  the  council  on  this  act.  In  granting  such  approval  the  council 
adopted  the  following  resolution  : 

Resolved,  That  the  committee  on  nomenclature  and  standards  be  instruct- 
ed to  communicate  with  bodies  throughout  the  world,  interested  in  pbotom- 
nd  illumination,  with  a  view  to  arranging  an  international  conference 
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to  consider  the  definition  of  terms  employed  in  illuminating  engineering, 
their  nomenclature  and  notation. 

In  conjunction  with  the  acceptance  of  the  final  report  of  the 
191 1  convention  committee,  the  following  resolution  was  adopted : 
Resolved,  That  the  eouncil  of  the  Illuminating  Engineering  Society  take 
this  opportunity  to  express  its  high  appreciation,  as  well  as  the  society's 
thanks,  to  the  general  convention  committee  and  to  the  various  sub-com- 
mittees for  their  splendid  work  which  in  so  large  part  contributed  to  the  suc- 
cess of  the  Chicago  annual  convention. 

Mr.  Marks  reported  on  several  phases  of  the  work  of  prepar- 
ing a  primer  on  illumination  which  is  being  compiled  by  the  com- 
mittee on  illumination  of  which  he  is  chairman.  The  topics  in- 
troduced by  Mr.  Marks  were  discussed  by  the  council. 

From  the  board  of  nominations  the  following  list  of  nomina- 
tions, which  is  to  be  presented  to  the  membership  at  the  forthcom- 
ing election,  was  received: 

1912. 

For  president,  V.  R.  Lansingh. 

For  vice-president   (from  N.  Y.  section),  Norman  Macbeth. 

For  general  secretary,  Preston  S.  Millar. 

For  treasurer,  W.  J.  Serrill. 

For  directors,  C.  J.  Russell,  A.  J.  Marshall,  R.  C.  Ware. 

Thirteen  applicants  were  elected.  Two  resignations  were  ac- 
cepted ;  and  the  name  of  one  deceased  member  was  dropped  from 
the  roll  of  the  society. 


SECTION    MEETINGS. 


CHICAGO    SECTION. 

Messrs.  F.  A.  Vaughn  and  G.  H.  Cook  presented  at  the 
November  meeting  of  the  Chicago  section  on  the  16th  instant  a 
commendable  paper  entitled  "Theatre  Illumination."  The  paper 
dealt  with  the  divers  problems  encountered  in  lighting  theatres 
effectively.  The  paper  with  its  attending  discussion  will  appear 
in  December  of  the  Transactions. 

Final  arrangements  for  the  December  meeting  on  the  21st 
ultimo  have  not  yet  been  announced  ;  but  the  meeting  in  all  prob- 
ability be  devoted  to  a  discussion  of  a  paper  entitled  "School 
Room  Illumination"  bv  Mr.  H.  B.  Wheeler. 
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new  york  section. 
The  New  York  section  held  a  meeting  November  9th  in  the 
United  Engineering  Societies'  Building.     .Mr.  F.  G.  Hancock  of 
the  General  Electric  Company  read  a  paper  on  "Publicity  Work 
in   Illuminating  Engineering." 

At  the  meeting  which  will  be  held  December  14th,  Dr.  Ellice 
M.  Alger  of  New  York  will  read  a  paper  on  "Conservation  of 
n."  An  unusually  large  attendance  at  the  meeting  is  ex- 
1.  Invitations  have  been  issued  to  a  number  of  prominent 
opthalmologists,  physiologists  and  representatives  of  other  cor- 
related societies  throughout  the  East  to  participate  in  the  discus- 
sion of  the  paper. 

PHILADELPHIA    SECTION. 

Two  papers  were  presented  at  the  meeting  of  the  Philadelphia 
section  November  17,  one  "Natural  Gas,  Its  Production  and 
Utilization"  by  M.  George  S.  Barrows,  and  the  other  "The  Ap- 
plication of  Photometric  Data  to  Interior  Illumination"  by  Mr. 
E.  J.  Brady.  There  was  also  an  exhibition  of  some  of  the  latest 
developments  in  gas  lamps  and  gas  mantles.  Sixty-six  visitors 
and  122  members  were  present. 

The  next  meeting  will  be  held  December  15th. 

NEW  ENGLAND  SECTION. 
The  January  meeting  of  the  New  England  section  will   prob- 
ably be  held  on  the  8th.     The  program  for  it  has  not  yet  been 
announced. 


NOTICE. 


Members  of  the  Illuminating  Engineering  Society  who  wish  to 
di-cuss  papers  on  certain  phases  of  illuminating  engineering  in 
which   they    are   especiallv    interested    should    send    their   n< 

npanied  by  a  list  of  the  particular  subjects  to  the  general 
office.  29  West  Thirty-ninth  Street.  New  York.  As  papers  on  those 
subjects  become  available  advance  proofs   of  them   will  be 
to  the  memlx-rs  and  others  whose  name-  file.     It  is  be- 

lieved that  this  scheme  will  stimulate  much  timely  and  valuable 
•1  on  all  the  papers  read  before  the  society,  ami  conse- 
quently increase  the  value  of  the  Transact: 
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THE  EVALUATION  OF  LAMP  LIFE.* 


BY  P.   S.    MILLAR  AND   L.   J.   LEWINSON. 


In  the  early  days  of  electric  lighting  the  attention  of  those 
concerned  in  the  manufacture  and  operation  of  incandescent 
lamps  was  devoted  largely  to  the  simple  problem  of  making 
lamps  burn.  As  lamp  manufacturing  improved  and  experience 
in  the  operation  of  electric  lighting  plants  became  more  general, 
the  complex  technical  problems  of  lamp  operation  received  at- 
tention. It  became  recognized  that  with  increased  hours  of 
burning,  lamp  bulbs  blackened  and  candle-power  declined.  Fi- 
nally it  was  pointed  out  that  in  the  course  of  lamp  operation  there 
comes  a  time  when  the  lamp  is  so  dim  that  it  is  desirable  for 
economic  and  other  reasons,  to  throw  it  away  and  replace  it 
with  a  new  lamp.1 

During  the  period  1887  to  1892  the  electrotechnical  press  and 
the  Transactions  of  the  American  Institute  of  Electrical  En- 
gineers, the  Association  of  Edison  Illuminating  Companies,  and 
the  National  Electric  Light  Association,  contained  a  number  of 
articles  and  recorded  discussions  in  which  the  suggestion  ap- 
peared that  the  most  economic  efficiency  for  incandescent  lamps 
may  be  computed  from  data  on  cost  of  current,  cost  of  lamp  and 
watts  per  candle  throughout  life.  The  general  purport  of  such 
discussions  was  that  central  stations  should  improve  pressure 
regulation,  after  which  the  use  of  higher  efficiency  lamps  would 
become  desirable. 

In  1892  O'Keenan2  applied  to  published  life  test  data  upon 
European  incandescent  lamps  a  method  of  computing  the  ex- 
piration of  the  useful  life  of  the  lamp,  considering  rate  for 
energy,  price  of  lamp,  and  performance  of  lamp  throughout  life, 
and  arrived  at  what  he  called  the  "smashing  point,"  (point  de 
cassagc)  or  end  of  useful  life  of  the  lamp. 

Hering3  reviewed  O'Keenan's  article  and  endorsed  his  method, 

*  A  paper  read  at  the  fifth  annual  convention  of  the  Illuminating  Engineering 
Society,  Chicago,  September  25,  26,  27  and  28,  1911, 

1  For  one  of  the  earliest,  if  not  the  earliest,  published  suggestions  to  this  effect,  see 
C  E.  Weber,  Journal  of  the  London  Society  0/  Arts,  vol.  35,  p.  56. 

2  L' Industrie  Electrique,  Nov.  25,  1902. 

3  Electrical  World,  1892,  p.  404. 
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emphasizing  the  importance  of  such  considerations  as  O'Keenan 
had  advanced.  Later4  he  applied  the  method  to  results  of  life 
made  by  Prof.  Thomas  upon  American  incandescent  lamps 
of  various  makes.  At  this  time  it  may  be  interesting  to  note 
that  Hering's  calculations,  based  upon  energy  at  15  cents  per 
kilowatt-hour  and  a  45-cent  lamp  whose  initial  watts-per-can- 
dle  was  4.2,  led  to  the  conclusion  that  the  useful  life  of  the 
lamp  was  about  400  hours  at  the  expiration  of  which  time  the 
candle-power  was  78  per  cent,  of  the  initial  and  the  watts-per- 
candle  was  5.3. 

From  that  time  the  idea  of  useful  life  for  incandescent  lamps 
became  more  prominent  in  the  minds  of  those  who  had  to  con- 
sider lamp  life.  Thomas5  noted  that  when  lamps  deteriorate 
materially  they  should  be  discarded.  As  being  suggestive  in 
that  connection  he  showed  for  16  candle-power  lamps  the  life 
until  the  candle-power  had  depreciated  to  14,  a  decline  of  about 
12.5  per  cent. 

Feldman,6  after  pointing  out  that  lamps  depreciate  in  candle- 
power  as  they  burn,  showed  for  certain  lamps  the  hours  life  to 
50  per  cent,  of  the  initial  candle-power.  Gasnier7  discussed 
decrease  in  candle-power  and  efficiency  in  incandescent  lamps 
with  hours  of  burning.  Upon  the  consideration  that  20  per 
cent,  is  about  the  smallest  noticeable  difference  in  illumination, 
he  concluded  that  lamps  should  be  permitted  to  fall  slightly  be- 
low 80  per  cent,  of  initial  candle-power  before  being  replaced 
and  suggested  75  per  cent,  as  a  reasonable  limiting  value. 

Nearly  all  study  of  lamp  performance  in  the  early  nineties 
was  confined  to  manufacturers'  laboratories.  At  first  the  usual 
factory  tests  determined  only  the  burning  hours.  Later  the  rate 
of  candle-power  change  was  determined  in  special  test^.  One 
lamp  manufacturer  stated  that  in  1890  candle-power  measure- 
ments were  introduced  as  a  part  of  the  testing  routine  in  his 
laboratory.  His  records  show  the  first  application  of  the  80 
per  cent,  criterion  to  have  been  made  in  February,  [896.  When 
in  November,  1896.  the  Electrical  Testing  Laboratories,  then 
the  Lamp  Testing  r.ureau,  undertook  lamp  testing,  the  demand 
for  "hours  life  to  80  per  cent,  of  initial  candle-power  or  to 
E.,  1893. 

ft..  June  7,  1902. 

1S92. 

■  ttiqur.  July  25,  1894. 
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earlier  failure."  It  is  probable  therefore  that  20  per  cent, 
candle-power  decline  as  a  measure  of  useful  life  for  testing 
purposes  was  adopted  by  some  lamp  manufacturers  and  was 
first  applied  extensively  in  commercial  practice  by  the  lamp  com- 
mittee of  the  Association  of  Edison  Illuminating  Companies. 
From  this  beginning  it  has  grown  to  its  present  influential  posi- 
tion as  a  criterion  in  lamp  testing. 

In  industrial  lighting  practise  the  80  per  cent,  criterion  has 
made  some  impression.  A  few  central  station  companies  who 
make  a  special  effort  to  furnish  a  superior  lighting  service  en- 
courage removal  of  old  lamps  from  their  circuits  and  even  effect 
such  removal  by  their  own  efforts.  Lamps  removed  from  cir- 
cuits in  this  way  in  the  practise  of  these  companies  are  tested  and 
all  below  some  given  percentage  of  initial  candle-power  are  dis- 
carded. This  percentage  is  usually  fixed  conservatively  high  in 
order  to  keep  the  lamps  in  service  well  above  the  80  per  cent, 
point  so  far  as  may  be  practicable. 

In  lamp  testing  work,  the  80  per  cent,  criterion  prevails 
largely.  In  this  country  practically  all  specifications  for 
carbon  and  Gem  filament  lamps  employ  this  basis  of  evaluation 
of  lamp  life,  and  in  much  of  the  practise  it  is  gaining  considera- 
tion in  tests  of  tungsten  filament  lamps,  although  it  has  little 
official  standing  as  yet  in  that  connection.  It  is  understood  that 
abroad  the  80  per  cent,  criterion  is  used  quite  extensively  in 
lamp  testing  work. 

When  first  employed  as  a  life  testing  measure,  the  80  per  cent, 
criterion  served  a  most  useful  purpose  in  pointing  to  the  in- 
effectiveness of  long  hours  of  burning  involving  low  candle- 
power  and  efficiency,  a  lesson  which  needed  to  be  taught  in  those 
days  even  more  than  to-day.  Subsequently  it  has  served  an  ex- 
cellent purpose  in  continuing  to  emphasize  the  importance  of 
good  candle-power  maintenance  and  in  discouraging  the  some- 
what natural  tendency  to  judge  lamp  life  by  total  hours  of 
burning.8 

MINOR  DISADVANTAGES  OF   80  PER   CENT.   CRITERION. 

In  testing  lamps  under  the  conventional  specifications  which 
call  for  a  determination  of  "life  to  80  per  cent,  candle-power 

s  Incidentally,  the  authors  deplore  the  present-day  tendency  of  lamp  manufacturer 
"""     to  return  to  a  total  life  basis  in  lamp  specifications. 
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or  earlier  failure,"  inaccuracies  have  been  encountered  due  to 
difficulty  in  determining  precisely  the  hours  corresponding  to  a 
20  per  cent,  candle-power  depreciation.  In  such  work  it  is  cus- 
tomary to  determine  the  candle-power  of  a  lamp  at  intervals  and 
by  plotting  a  curve  through  the  points  so  determined,  to  ascer- 
tain the  time  when  the  candle-power  curve  crosses  the  80  per 
cent,  candle-power  line.  Photometric  errors  of  one  or  two  per 
cent.,  quite  likely  to  be  encountered  in  commercial  work,  may 
lead  to  inaccuracies  in  the  "80  per  cent,  life"  of  as  much  as  five 
or  ten  per  cent. 

Among  other  minor  disadvantages,  the  method  attributes  no 
value  to  the  service  of  the  lamp  after  it  has  depreciated  in 
candle-power  more  than  20  per  cent.,  notwithstanding  that  in 
some  classes  of  service  this  portion  of  the  lamp's  life,  though 
less  efficient,  has  some  value.  The  small  disadvantage  so  in- 
curred is  more  than  compensated  for  by  the  premium  which  the 
practise  places  upon  the  desirable  earlier  performance.  In  fact 
if  insistence  is  to  be  placed  upon  candle-power  maintenance, 
some  later  and  less  effective  portion  of  the  total  life  of  most 
kinds  of  lamps  must  be  thrown  away. 

Another  disadvantage  under  which  the  method  sometimes  labors 
is  the  neglect  of  the  candle-power  maintenance  element  when 
candle-hours  are  not  figured  and  when  reliance  is  placed  upon 
the  life  factor  alone.  Referring  to  fig.  1  which  illustrates  the 
performance  of  a  normal  lamp  of  a  certain  type  and  the  per- 
formance of  a  lamp  which  "slumps"  in  candle-power,  it  will  be 
noted  that  the  two  candle-power  curves  intercept  the  80  per 
cent,  candle-power  line  simultaneously  and  would  be  given  equal 
value  it  the  candle-hours  were  not  computed.  When  the  candle- 
computed,  the  proper  relative  values  are  .  the 
lamp  which  slumps  being  credited  with  (500  X  0.838  = 
candl  and  the  normal  lamp  with  '500  X  0.933  =  )  4f,7 
candle-hours. 

In  passing  it  may  be  noted  that  the  candle-hour  method  has 

d  very  largelv  in   this  country.     Those  havii 

ith  the  evaluation  of  lamp  performan  usually 

keenly  alive  to  the  danger  of  relying  solely  upon  the  useful  life 

figure.     In   fact  a   few  me  candle-power  maintenance 

element   wa>  cons  iportant   thai  attention   war 
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given  to  a  proposal  to  evaluate  the  useful  life  of  lamps  in  terms 
of  a  value  arrived  at  by  multiplying  the  hours  useful  life  by  the 
average  excess  of  candle-power  over  80  per  cent,  of  initial; 
that  is  to  say,  the  hours  useful  life  multiplied  by  the 
difference    between    the    mean    candle-power    throughout  such 
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Fig.  1.— Performance  of  lamps  illustrating  need  for  computing  candle-hours 

life  and  the  80  per  cent,  candle-power  value.  Needless  to 
say  this  proposal  was  too  radical  and  gave  too  large  a  relative 
value  to  the  candle-power  maintenance  element. 

CHIEF    DISADVANTAGE    OF    8o    PER    CENT.    CRITERION. 

The  conventional  method  hitherto  employed  of  evaluating  lamp 
life  notwithstanding  its  liability  to  inaccuracies  and  other  minor 
disadvantages  would  afford  an  acceptable  criterion  for  lamp 
testing  purposes  were  it  not  that  it  assigns  exaggerated  im- 
portance to  elements  believed  to  be  of  lesser  value,  as  a  result 
of  which  other  more  important  elements  fail  to  receive  due  rec- 
ognition. The  method  of  evaluation  proposed  in  the  latter  part 
of  this  paper  represents  an  attempt  to  assign  proper  value  to 
both  important  elements  of  performance.  The  improper  valua- 
tion of  the  elements  of  candle-power  maintenance  and  lamp  fail- 
ure is  the  subject  of  the  illustrated  discussion  in  the  following 
paragraphs. 
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Jn  introducing  these  illustrations  it  should  be  said  that  any 
system  which  takes  account  of  only  the  light  produced,  while 
neglecting  changes  in  energy  consumption,  is  liable  to  error. 
In  most  of  the  following  discussion  the  change  in  watts  through- 
out life  is  neglected  in  order  to  rid  the  problem  of  one  variable; 
but  this  should  not  be  permitted  to  obscure  the  fact  that  the 
final  and  proper  basis  of  comparison  must  take  into  consideration 
also  the  energy  consumption. 

For  a  similar  reason  the  candle-hours  are  not  shown  in  these 
illustrations.  The  fact  that  the  candle-power  maintenance  differ- 
ences are  small  in  comparison  with  the  large  differences  in  the 
time  element  would  seem  to  justify  the  omission  of  the  candle- 
hours  in  the  interests  of  simplicity. 

ILLUSTRATIONS  OF    MISLEADING    CHARACTER   OF    80  PER   CENT. 

To  select  a  simple  illustration ;  it  is  considered  that  two  groups 
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Fig.  2.— Total  flux  of  two  groupa  of  lam 

of  ioo  lamps  each  are  placed  within  translucent  glass  fixtures 
and  so  employed  illuminate  two  comparable  rooms.  All  the 
lamps  of  are  considered  to  decline  in  candle-power 

similarly,  and  at  the  rate  indicated  by  the  upper  diagonal  line 
of  fig.  2,  which  shows  also  the  total  light  produced  by  the 
lamps  of  group  i  throughout  a  period  of  6oo  hours.  One  lamp 
in  group  2  fails  as  soon  as  the  current  is  turned  on.     The  total 
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light  yielded  by  group  2  is  therefore  represented  by  the  lower 
diagonal  line  of  fig.  2.  Bearing  in  mind  that  all  the  199 
lamps  of  the  two  groups  perform  similarly,  declining  in  candle- 
power  at  the  rate  indicated  by  the  upper  diagonal  line,  it  is 
evident  that  the  lamps  of  group  2  are  one  per  cent,  inferior  to 
the  lamps  of  group  1.  This  inferiority  is  arrived  at  as  a  re- 
sult of  the  consideration  that  there  are  99  lamps  in  one  group  as 
compared  with  100  lamps  of  equal  value  in  the  other  group,  or  it 
is  reached  by  considering  the  upper  diagonal  line  to  represent 
the  average  performance  of  the  lamps  of  each  group,  and  mul- 
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Fig.  3.— Performance  of  two  lamps  which  differ  in  lumens  by 
one  per  cent,  throughout  life. 

tiplying  such  performance  by  100  in  the  case  of  group  I  and  by 
99  in  the  case  of  group  2.  If,  however,  these  two  curves  of  per- 
formance, representing  respectively  the  total  light  produced  by 
the  two  groups  of  lamps,  be  rated  in  accordance  with  the  con- 
ventional method  of  determining  the  hours  at  which  the  candle- 
power  curve  crosses  the  80  per  cent,  line,  the  result  will  be  a 
useful  life  for  the  first  group  of  522  hours  and  for  the  second 
group  502  hours,  a  difference  of  four  per  cent,  in  the  case  of 
lamps  which  differ  by  one  per  cent. 

A  similar  case  is  the  performance  of  two  lamps,  illustrated  in 
fig.  3.     One  lamp  declines,  as  shown  by  the  lower  diagonal  line. 
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while  the  other  lamp  first  rises  one  per  cent,  in  candle-power 
and  then  declines  in  such  manner  that  throughout  it  yields  one 
per  cent,  more  light  than  its  fellow.  The  difference  in  the 
values  of  these  two  lamps  appears  to  be  one  per  cent.,  yet  ac- 
cording to  the  conventional  method  of  rating  "useful"'  life,  this 
difi'erence  again  is  4  per  cent. 

To  supplement  the  two  hypothetical  illustrations  just  dis- 
cussed, three  other  illustrations  of  the  misleading  character  of 
the  conventional  method  of  evaluating  useful  life  have  been  se- 
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Fir.  4.— Performance  of  two  lamps  throughout  life. 

lected  from  the  records  of  the  Electrical  Testing  Laboratories, 
and  are  here  presented  with  the  assent  of  the  lamp  committee 
of  the  Association  of  Edison  Illuminating  Companies  for  whom 
the  lamps  were  tested. 

Fig.  4  illustrates  the  candle-power  curves  of  two  lamps  which 
burned  out  simultaneously  at  708  hours.  Judging  these  lamps  by 
the  conventional  method,  lamp  No.  47  has  a  useful  life  of  615 
hours  while  lamp  No.  ~<)  has  a  useful  life  of  430  hours,  giving 
a  superiority  of  43  per  cent,  for  the   former.     The  two  lamps 
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burned  for  the  same  period  and  the  only  difference  was  that  lamp 
No.  79  yielded  less  light  than  lamp  No.  47,  the  difference  attaining 
a  maximum  of  about  8  per  cent.  There  appears  to  be  no  rea- 
sonable ground  for  attributing  a  superiority  of  43  per  cent,  to 
lamp  No.  47. 

Fig.  5  shows  the  performance  of  two  lamps.  According  to 
the  conventional  method  of  arriving  at  "useful"  life  the  superi- 
ority of  the  lamp  represented  by  the  broken  line  is  (738  -f- 
548  —  1.35)  35  per  cent.     The  real  point  of  superiority  lies  in 
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Fig.  5.— Performance  of  two  lamps  throughout  life. 

the  greater  candle-power  of  the  lamp  during  the  period  subse- 
quent to  250  hours.  This  difference  attains  a  maximum  of  about 
7  per  cent. 

Fig.  6  shows  the  performance  of  four  lamps ;  No.  10,021  fails 
at  248  hours,  No.  9,023  declines  20  per  cent,  in  746  hours.  Ac- 
cording to  the  conventional  method,  the  mean  "useful"  life  of 
these  two  lamps  is  [(248  +  746)  -f-  2  =  ]497  hours.  The 
third  curve  represents  the  mean  performance  of  lamps  Nos. 
8,021  and  12,011  which  decline  similarly  and  which  are  there- 
fore represented  by  a  single  line.     These  lamps  have  the  same 
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"useful"  life  as  the  mean  of  the  two  other  lamps  just  referred 
to  according  to  the  conventional  rating-  and  are  therefore  con- 
sidered to  be  their  equivalent  in  value.  The  fact  that  lamp 
Xo.  9,023  yields  about  10  per  cent,  more  light  throughout  a 
period  of  300  hours  than  do  lamps  Nos.  8,021  and  12,011.  is 
sufficient   in   standard  practise  to   counterbalance   the   fact   that 
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Fig.  6.— Performance  of  four  lamps.    (See  fig.  10  also.) 

lamp  Xo.  10,021  has  failed  and  gives  no  light.     Such  distortion 
of  values  is  a  common  occurrence. 

To  supplement  these  illustrations  drawn  from  test  records, 
two  assumed  performance  curves  are  presented  for  the  purpose 
of  mathematical  analysis.  Lamp  Xo.  1  decreases  in  candle- 
power  at  some  given  rate,  whereas,  lamp  Xo.  2,  after  increas- 
ing a  certain  percentage  above  Xo.  1  in  the  first  few  hours,  de- 
creases in  candle-power,  maintaining  a  constant  per  cent,  candle- 
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Fig.  7.— Mathematical  representation  of  the  performance  of  two  lamps. 

power  above  No.   1.     This  performance  is  illustrated  in  fig.  7, 
where — 

g  =  initial  candle-power  =  100  per  cent. 
e  =  allowable   drop   in  candle-power  throughout  "use- 
ful" life. 
f  =   (g  —  e)  =  limiting  candle-power  to  which  "use- 
ful" life  is  measured. 
a  =  "useful"  life  of  lamp  No.  1. 
a  -\-  b  =  "useful"  life  of  lamp  No.  2. 

c  =  difference  in  candle-power  at  the  end  of  the  "use- 
ful" life  of  the  first  lamp. 
Continue  curve  No.  2  until  it  intersects  the  line  of  zero  hours. 
By  similar  triangles, 

b  c_ 

a   -f-   b  d  ' 

Solving  for  the  ratio  — 


(1) 


(2) 
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Since  the  percentage  difference  in  candle-power  between  curves 
i   and  2  is  considered  constant, 


whence 


h-      Cg 


Now  d=e-\-h  =  e-\- 


f  ' 

Substituting   these   values   in   equation    (2)    replacing  /   by   its 
equivalent  g  —  e,  and  simplifying  we  have  the  following: 
b  c(g  —  e)  c  (100 

a  ~  e(i —  e -\-  c)  e  (100  —  e 
It  is  evident  from  this  equation  that  the  increased  effective  life 
due  to  the  higher  candle-power  maintenance  of  lamp  No.  2  is 
dependent  upon  the  difference  in  candle-power  at  the  end  of 
the  "useful"  life  of  the  first  lamp  and  the  allowable  drop  in 
candle-power  throughout  "useful"  life. 

-uming  this  latter  to  be  20  per  cent.,  and  that  throughout 
curve  Xo.  2  is  1  per  cent,  higher  than  curve  No.  I  in  candle- 
power   value, 

e  =--  20, 

*  =  o.8  (1%  of  80), 

whence 

b  , 

—  =  0.0396, 
a 

which  means  that  the  increased  life  to  80  per  cent,  of  lamp  No. 
2  over  lamp  No.  1  is  3.96  per  cent.  In  this  case  a  difference  of 
1  per  cent,  in  candle-power  maintenance  means  practically  a  4 
per  cent,  difference  in  "useful"  life  provided  the  life  to  80  per 
cent,  is  considered.  Had  the  life  to  70  per  cent,  been  chosen, 
this  1  per  cent,  difference  would  have  meant  an  increase  of  2.3 
per  cent. 

These  illustrations  demonstatc  the  fact  which  the  authors  seek 
to  establish  in  this  paper,  that  the  80  per  cent,  criterion,  how- 
ever reasonable  and  suitable  as  an  indication  of  candle-power 
diminution  which  may  be  tolerated  in  practise,  proves  misleading 
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to  a  serious  degree  when  applied  strictly  as  a  candle-power  limit 
in  determining  relative  values  of  lamps.  In  any  practise  which 
is  based  upon  this  method,  conclusions  are  liable  to  error  to  the 
extent  that  they  are  influenced  by  such  values.  The  truth  of  the 
matter  is  that  the  burning  hours  corresponding  with  a  given 
candle-power  depreciation  do  not  afford  a  measure  of  useful  life. 
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Fig.  8. — Illustrating  "useful"  life  as  a  measure  of  flux  decline. 

They  constitute  merely  a  measure  of  the  net  rate  of  candle- 
power  depreciation  throughout  a  given  period.  They  represent 
values,  which,  generally  speaking,  vary  inversely  as  such  net 
rate  of  decline.  The  character  of  this  effect  is  made  clear  in 
fig.  8,  where  two  lines  of  decline  in  candle-power  are  shown. 
In  one  the  rate  of  decline  is  twice  that  of  the  other.  In  con- 
sequence thereof,  the  "useful"  life  value  of  the  one  is  half  that  of 
the  other. 
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WHAT    CONSTITUTE    MERIT. 

With  the  objectionable  feature  of  the  conventional  method 
clearly  established,  it  is  profitable  t<>  consider  what  constitutes 
merit  in  an  illuminant.  There  are  certain  fundamental  qualities 
such  as  steadiness  and  color  with  which  the  ordinary  life  test  is 
not  concerned.  These  aside,  the  measure  of  merit  of  an  il- 
luminant is  the  ratio  between  light  flux  produced  and  energy 
expended;  but  this  is  not  all;  the  life  factor  must  not  be  ne- 
glected. Inder  some  conditions,  the  total  burning  hours  ai 
a  fair  valuation  of  the  life.  Usually,  however,  there  is  some 
point  in  the  life  of  the  lamp  at  which  its  usefulness  may  be 
considered  to  be  exhausted,  either  because  it  has  become  too 
dim  or  because  it  has  become  too  inefficient  or  because  it  has 
become  unsightly.  The  problem  is  to  determine  this  useful 
portion  of  life.  Since  first  suggested  by  O'Keenan,  the  smash- 
ing point  of  lamps  has  been  computed  by  many  people.  The 
method  is  based  upon  the  considerations  (1)  that  as  the  burning 
hours  increase,  the  first  cost  of  the  lamp  is  divided  among  a  larger 
number  of  hours  and  as  an  element  of  cost  per  hour  becomes 
less  important  and  (2)  that  as  the  burning  hours  increase,  the 
watts  per  candle  increase.  The  net  result  is  that  the  cost  per 
candle-power  hour  decreases  with  hours  of  burning  due  to 
the  lessening  influence  of  the  first  cost  and  later  increases  because 
of  the  increasing  watts  per  candle.  It  follows  that  for  any  rate 
for  current,  cost  of  lamp  and  lamp  performance  characteristic, 
there  is  some  number  of  hours  at  which  the  curve  of  cost  per 
candle-hour  reaches  a  minimum.  This  number  of  hours  is 
said  to  correspond  to  the  economical  life  of  the  lamp.  Such 
curves  of  cost  per  candle-power  appear  in  tig.  9. 

The  80  per  cent,  criterion  appears  to  have  been  adopted 
originally  as  a  practical  measure,  based  upon  the  requirements 
of  the  situation,  rather  than  as  a  value  arrived  at  by  means  of 
computations  of  economic  life.  It  can  be  justified  to-day  only  as 
such.  This  statement  is  based  upon  the  following  considera- 
is: 

The  exact  location  of  the  "smashing  point"   varies  with 
cost  of  energy  and  cost  of  lamp. 
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(2)  The  cost  per  candle-power  varies  but  slightly  with  in- 
creasing hours  in  the  neighborhood  of  the  "smashing  point." 

(3)  A  "smashing  point"  suitable  for  one  type  of  lamp  operat- 
ing under  one  set  of  conditions  is  not  suitable  for  all  other  types 
or  sizes  of  lamp  operating  under  the  same  conditions. 
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Fig.  9.— Illustration  of  methods  of  determining  "smashing  point." 

(4)  Slight  differences  in  candle-power  which  affect  the  use- 
ful life  largely  are  not  perceptible  in  practice. 

In  view  of  these  facts  the  80  per  cent,  criterion  claims  atten- 
tion simply  as  a  limit  of  permissible  candle-power  decline  adopted 
in  the  interests  of  good  service  and  for  the  purposes  of  life 
testing.  As  such  the  authors  endorse  it,  believing  that  it  would 
be  difficult  to  select  a  more  suitable  limit,  and  finding  little  or 
no  reason  for  advocating  a  change  from  a  limit  already  so  well 
established.     However,  in  endorsing  the  80  per  cent,  criterion 
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as  a  limit  of  permissible  candle-power  decline,  the  authors  do  not 
wish  to  be  understood  as  endorsing  the  existing  practise  of  ap- 
plying such  limit  to  an  evaluation  of  "useful"  life.  In  fact 
it  is  in  the  belief  that  this  criterion  is  improperly  applied  that 
this  paper  is  written,  with  the  purpose  of  pointing  out  the  im- 
propriety of  the  method  and  advocating  a  different  method. 

PROPOSED  METHOD  OF  EVALUATING  LAMPS. 

Briefly,  it  is  proposed  that  lamps  be  evaluated  in  terms  of  their 
lumen-hours  or  candle-hours  per  watt  throughout  the  test  period 
divided  by  the  hours  in  such  period,  the  hours  to  be  arrived 
at  by  methods  discussed  hereafter. 

In  order  to  test  this  system  it  is  proposed  to  apply  it  to  the 
illustrations  of  lamp  performance  given  previously  in  this  paper. 
A  test  period  of  600  hours  is  selected  arbitrarily  for  the  study 
of  these  illustrations.  Here,  as  in  the  later  discussion  of  test 
period  selection,  adherence  to  the  80  per  cent,  criterion  is  the 
governing  consideration.  Again,  for  the  sake  of  simplicity  the 
watt  element  is  omitted. 

Referring  to  fig.  4,  the  performance  of  the  two  lamps  there 
shown  are  compared  by  the  conventional  and  the  proposed  meth- 
ods in  the  following  table. 


Lamp  No. 

Conventional  nit 
Hours  '•Useful' 

thod. 
'  life 

Proposed  metli- 
Per  cent,  of  initial  lumens 
throughout  600  hours 

♦7 

615    hrs. 

91.3 

79 

43°     " 

»% 

icated  superiority 
No.  47 

for 

43% 

Surely  in  comparing  the  performance  of  these  two  lamps  a 
5  per  cent,  superiority  attributed  to  Xo.  47  is  a  reasonable  re- 
sult, and  as  surely  a  43  per  cent,  superiority  is  an  unreasonable 
result. 

similar  analysis  of  the  performance  of  the  two  lamps  sli 
in  fig.  5  is  as  follows  : 


I.am: 

Conventional  method. 
Hours   •Useful"  life 

Propn 
Per  cent,  ol  Initial  lumens 
throughout 

Continuous  line 

54s    hrs 

Hroken  line 

738     " 

91.2 

Indicated  superiority  of 

of  latter 

1% 
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In  this  case  the  performance  of  the  two  lamps  is  substantially 
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Fig.  io.— Average  performance  of  two  pairs  of  lamps  the  individual 
performances  of  which  appear  in  fig.  6. 

equivalent  and  a  difference  of  valuation  amounting  to  35  per 
cent,  is  fictitious  and  unwarranted. 

Figure  6  affords  a  simple  comparison  of  the  performance  of 
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two  groups  of  lamps.     These  performances  appear  in  the  form 
of  mean  curves  in  fig.  10. 

Studied  by  the  standard  and  proposed  methods  they  yield  the 
following:  results : 


Lamp  No. 

Conventional  method. 
Hours   •Useful"  life 

Proposed  method. 

Per  cent,  of  initial  lumens 

throughout  600  hours 

90*3 

746    hrs. 

953 

IOU2I 
I 

24S     " 
497    hrs. 

40.'. 

68. 1  Jc 

8021 

497    hrs. 

89.. 

1 201 1 

497     " 

89.. 

Mean 


Mean  497   hrs.  89.2% 

Indicated  superiority 
of  second  group  None 

As  previously  noted  during  350  hours  a  superiority  of  less 
than  10  per  cent,  on  the  part  of  one  lamp  exactly  compensates 
for  an  inferiority  of  100  per  cent,  on  the  part  of  the  other  lamp 
if  the  conventional  method  of  evaluation  be  followed.  The  per- 
formance of  the  two  groups  of  lamps  is  more  readily  appreciated 
from  fig.  10,  where  the  total  yield  in  light  of  the  first  group  is 
shown  to  be  cut  almost  in  half  by  the  failure  of  one  lamp  at  248 
hours.  The  proposed  method  results  in  a  much  fairer  evalua- 
tion of  the  performances  in  showing  the  correspondingly  re- 
duced light  intensity  due  to  the  complete  failure  of  one  lamp 
half  way  through  life.  There  can  be  no  doubt  but  that  the  two 
lamps  of  the  second  group  are  of  considerably  greater  value  than 
the  two  lamps  of  the  first  group  in  this  comparison. 

These  examples  of  the  application  of  the  proposed  method  to 
performances  of  individual  lamps  show  the  unsuitability  of  the 
standard  practise,  while  illustrating  the  reasonable  nature  of  the 
valuation  arrived  at  by  the  proposed  method. 

The  important  matter  to  be  decided  before  the  proposed  meth- 
•  aluati'  >n  can  be  applied  is  the  selection  of  a  test  period. 
For  any  one  size  and  type  of  lamp  the  test  period  should  be 
adopted  after  careful  consideration  of  normal  performance.  It 
should  cover  the  useful  portion  of  the  life  and  should  be  so  se- 
lected as  to  serve  the  purposes  of  the  parties  interested  in  the 
test     Where  no  superior  basis  of  judgment  offers,  it  is  suggested 
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that  the  test  period  be  the  average  of  ( 1 )  the  hours  at  which  the 
candle-power  of  surviving  lamps  has  declined  20  per  cent.,  and 
(2)  the  hours  at  which  the  mortality  aggregates  20  per  cent. 

In  this  proposal  the  mortality  rate  is  a  new  basis  of  considera- 
tion. Heretofore  the  rate  of  candle-power  diminution  alone  has 
governed  the  useful  period  of  lamp  life  and  the  failures  within 
the  period  so  selected  have  merely  been  noted,  their  shorter  life 
values  operating  to  reduce  the  final  evaluation  somewhat.  The 
result  has  been  that  among  different  classes  of'  lamps  tests  have 
been  continued  until  the  mortality  has  aggregated  anywhere  from 
o  to  60  per  cent.  Evaluation  has  depended  so  largely  upon  the 
candle-power  element  that  the  burn-out  element  has  been  sup- 
pressed. Depending  upon  the  viewpoint  and  upon  conditions 
of  operation,  either  element  may  be  given  greater  weight ;  but 
for  general  purposes  it  would  appear  wise  to  attribute  the  same 
value  to  both  important  elements  of  performance,  permitting  the 
test  period  selection  to  be  affected  equally  by  one  per  cent,  burn- 
out or  by  one  per  cent,  candle-power  decline. 

If  the  hours  at  which  20  per  cent,  of  the  lamps  fail  coincide 
with  the  hours  at  which  the  surviving  lamps  decline  20  per  cent, 
in  flux  the  total  yield  of  light  from  a  group  of  lamps 
under  test  at  such  hours  would  be  64  per  cent,  of  the  initial 
value. 

Having  arrived  at  a  test  period  by  this  method,  it  is  pro- 
posed that  the  lumen  hours  or  candle-power  hours  of  the  lamp 
during  the  period  be  divided  by  the  hours  in  the  period,  and  that 
the  resultant  mean  value  throughout  the  period  be  considered  the 
measure  of  the  value  of  the  lamp  throughout  useful  life.  On 
this  basis  a  lamp  which  failed  half  way  through  the  test  period 
would  be  given  substantially  half  value.  The  measure  so  ob- 
tained would  be  a  true  measure  of  the  performance  of  the  lamp 
(neglecting  watts)  and  would  be  as  nearly  a  true  criterion  of  the 
value  of  the  lamp  as  the  correctness  of  the  selection  of  the  test 
period  might  permit. 

In  comparing  two  groups  of  lamps  the  results  would  be 'such 

as  would  be  obtained  by  employing  a  photometer  to  measure  the 

intensity  of   illumination   in  two  comparable  rooms   illuminated 

^respectively  by  the  two  groups  of  lamps  placed  above  diffusing 
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-   ceilings.     (  me  per  cent,   mortality  would  have  the 
effect  as  one  per  cent,  flux  decline  among  the  survivors. 

Taking  the  watt  factor  into  consideration   the  proposal  is  to 
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Fig.  11.— Details  of  performance  of  two  groin  I  0 I  lamp- 

failures  and  lumens  just  prior  to  failure.) 

determine  the  lumen-hours  per  watt  throughout  the  test  period, 
led  by  the  hours  in  such  period. 
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To  show  the  application  of  the  method  thus  outlined,  the  re- 
sults of  test  of  lamps  manufactured  in  two  different  factories  are 
selected.     Their  performance  is  given  in  fig.  11. 

The  usual  statement  of  test  results  covering  these  two  groups 
of  lamps  would  be  about  as  follows: 

Group  1  Group  2 

No.  lamps  tested 86  48 

No.  of  burn-outs  above  80% 3  12 

Per  cent,  of  burn-outs  above  80  %■ 3-5%  25.0% 

Average  life  of  burn-outs  above  2>ofo 522  hrs.  444  hrs. 

Average  life  to  So%  or  earlier  burn-outs 421     "  533     " 

Indicated  superiority 26% 

In  the  diagram  each  dot  indicates  by  its  location  the 
hours  at  which  a  lamp  failed  and  the  probable  lumens  shortly 
before  failure.  The  average  lumens  of  survivors  throughout  the 
test  is  indicated  by  the  curve.  The  per  cent,  survivors  at  any 
time  is  indicated  by  the  light  jagged  line.  The  heavy  jagged 
line  is  a  composite — the  product  of  the  two — showing  for  any 
period  of  the  test  the  per  cent,  of  initial  lumens  of  the  entire 
group  of  lamps. 

In  applying  the  proposed  method  of  evaluation  a  test  period 
must  be  selected.  In  the  absence  of  other  considerations,  the 
proposal  to  be  guided  by  the  mean  of  the  20  per  cent,  flux  de- 
cline period  and  the  20  per  cent,  mortality  period  is  followed. 
Such  mean  values  are  500  hours  for  group  1  and  517  hours 
for  group  2.  Roughly  this  leads  to  a  test  period  of  500  hours. 
The  average  flux  throughout  500  hours  is  ascertained  to  be 
84.7  per  cent,  of  the  initial  value  for  group  1  and  87.5  for  group 
2. 

Here  the  conclusion  is  reached  that  the  lamps  of  group  1, 
shown  to  be  much  inferior  by  the  conventional  method  of  evalua- 
tion, have  evidenced  only  a  slight  inferiority  as  compared  with 
the  lamps  of  group  2. 

Fig.  12  facilitates  a  comparison  of  the  two  groups  of  lamps 
and  makes  it  apparent  that  in  evaluating  the  lamps  in  accordance 
with  standard  practise  the  superior  flux  maintenance  of  the  sur- 
vivors of  group  2  has  received  undue  weight  and  more  than 
compensates  for  the  inferiority  of  the  lamps  due  to  early  failures. 
The  two  heavy  faced  lines  which  represent  the  composite  per- 
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formances  of  the  two  groups  show  clearly  the  early  superiority 
of  the  lamps  of  group  2  due  to  better  flux  maintenance  and 
their  later  inferiority  after  the  total  yield  of  light  by  the  group 
has  been  reduced  through  the  failure  of  individuals.  Not  only 
is  it  apparent  that  the  lamps  of  group  1  have  yielded  96.8  per 
cent,  as  much  light  during  the  500-hour  test  period,  but  it  is  to 


Fig.  12.— Comparative  performance  of  the  two  groups  of  lamps  detail*  of 
which  appear  in  fig.  11. 

be  noted  that  at  the  end  of  such  test  period  they  are  better  pre- 
to  render  satisfactory  service  because  a  larger  proportion 
of  them  continue   in   operation   at  that   time. 

To  make  the  analysis  of  the  performance  of  these  two  groups 
complete,  it  remains  only  to  consider  the  relative  watt  consump- 
tion throughout  the  test  period.  The  data  necessary  to  this 
comparison  are  shown  in  the  following  table: 
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Group  i  Group  2 

In  per  cent,  of  initial 

Average  lumens  throughout  500-hour 

test  period 84.7%  87.5% 

Average    watts    throughout   the   test 

period 96.5%  95-6% 

Average   lumens  per  watt  throughout 

period 87.8^  9T-5# 

In  the  case  here  instanced,  the  factory  where  the  lamps  of 
group  1  were  manufactured  was  actually  subjected  to  running 
criticism  for  six  or  eight  months  because  of  alleged  inferiority 
of  this  class  of  lamps,  and  neither  the  purchaser  nor  the  manu- 
facturer had  the  slightest  doubt  as  to  the  very  marked  inferiority 
of  the  lamps  which  a  closer  and  more  accurate  analysis  has 
shown  to  be  almost  as  good  as  the  lamps  from  the  other  factory. 

ADVANTAGES  OF  PROPOSED  METHOD. 

Wherever  the  proposed  method  or  its  equivalent  is  applied, 
lamp  test  results,  being  no  longer  subjected  to  the  exaggerated 
effect  of  difference  in  flux  maintenance  as  under  the  old  method, 
will  vary  more  in  accordance  with  the  true  values  of  the  lamps. 
Test  errors,  particularly  errors  in  photometric  measurements,  will 
affect  the  final  results  very  slightly,  whereas  under  present  prac- 
tise the  errors  are  multiplied  many  times.  Improper  selection 
of  tests  periods  will  affect  the  final  evaluation  to  a  lesser  degree 
than  similar  improper  selection  of  flux  decline  limits  under 
the  present  method.  But  most  important  of  all,  the  adop- 
tion of  the  proposed  method  will  attribute  more  nearly  correct 
importance  to  the  burn-out  element  which  under  the  old  practise 
was  somewhat  obscured  by  too  complete  reliance  upon  the  candle- 
power  element  of  performance.  This  effect  is  apparent  from  a 
study  of  the  following  comparative  data : 

At  end  of  "useful"  life  (conventional  method) 

Hours  Lumens  of  sur-  Lumens  of 

"useful"  Percent.  vivors  in  per  group  in  per 

Group  life  survivors  cent,  of  initial        cent,  of  initial 

A  544  82.5  80.5  66.4 

B  421  96.5  80.0  77.2 

The  table  shows  that  at  the  hours  which  according  to  the  con? 
ventional  method  of  evaluation  mark  the  end  of  the  "useful"  life 
of  the  lamps,  the  proportions  of  failures  among  the  two  classes 
are  3.5  per  cent,  for  group  B  and   17.5  per  cent,  for  group  A. 
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Reference  to  the  performance  characteristics  of  the  tu 
of  lamps  shows  that  the  inferiority  of  group  A  from  the  stand- 
point of  early  failures  is  balanced  in  the  conventional  method 
of  evaluation  by  a  superiority  of  approximately  five  per  cent. 
in   llux   maintenance. 

From  the  foregoing  table  it  is  apparent  either  that  too  short  a 
ful"  life  is  assigned  to  group  B  lamps,  or  too  long  a  "useful" 
life  is  assigned  to  group  A  lamps.  It  is  unfair  to  group  B  to 
consider  the  "useful"  life  to  have  expired  when  only  3.5  per 
cent,  of  the  lamps  have  failed,  while  permitting  group  A  to  con- 
tinue to  burn  123  hours  or  29  per  cent,  longer,  until  17.5  per  cent, 
have  failed  merely  because  the  candle-power  of  the  survivors 
»up  A  is  6  per  cent,  higher.  The  6  per  cent,  candle-power 
superiority  balances  a  much  larger  percentage  of  mortality  in- 
feriority. 

While  it  is  contended  that  the  lamps  of  group  B  should 
be  continued  on  test  longer  than  the  present  practice  per- 
mits, yet  to  continue  them  until  the  burning  hours  equal  the  "use- 
ful" life  of  group  A  would  be  unwise  because  the  survivors  would 

0  low  in  flux  at  the  end  of  such  period.     The  proposed 
method  of  selection  of  a  test  period  results  in  a  500  hour  test 

1  for  group  B,  which    appears    to    be    a    reasonable    com- 
ise  likely  to  result  in  a  fair  evaluation  of  the  lamps,  for  in 

such  period  the  burn-outs  would  aggregate  8  per  cent,  and  the 
lumens  of  survivors  would  average  yy  per  cent,  of  initial. 

Where  the  proposed  method  is  adopted,  it  will  be  logical  to 
select  for  lamps  of  one  and  the  same  t\pe  which  are  designed 
for  the   same   class   of   service   test   periods  of   like  extent.     If 
within  such  test  periods  the  lamps  of  different  sizes  exhibit  mark- 
different  tendencies  in  cither  rate  of  flux  decline  or  mortali- 
ty,  the   efficiency    should   be   altered    to   correct   the   undesirable 
ncy.     This  is  a  basis  of  efficiency  adjustment  which  is  be- 
lieved to  have  points  of  superioritv  over  any  other  basis  which 
been  employed,  and  which  i-  -tronglv  recommended  to  those 
having  jurisdiction  in  such  matters. 

DISADVANTAGES  OF   PROPOSED    METHOD. 
This   proposed   method   carrier    with    it   certain    disadvantages 
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which,  however,  are  not  peculiar  to  the  method  but  are  rather 
inherent  in  the  problem. 

One  prominent  difficulty  in  the  way  of  the  application  of  the 
proposed  method  is  to  be  found  in  the  necessity  for  selecting 
some  test  period  to  represent  the  useful  portion  of  life.  It  is 
obvious  that  in  appraising  the  life  of  a  lamp  at  any  value  short 
of  the  total  burning  hours  risk  of  undervaluing  the  lamp  for 
certain  classes  of  service  is  incurred.  This  is  a  risk  which  for 
general  purposes  it  is  desirable  to  take  in  order  to  secure  a 
high  standard  of  lamp  performance  which  places  a  premium 
upon  good  flux  maintenance  and  high  efficiency  and  does  not 
hesitate  unduly  in  penalizing  long  drawn  out  life  when  such  life 
involves  relatively  low  candle-power  and  efficiency. 

It  is  important  to  remember  that  there  can  be  no  more  serious 
defect  in  a  lamp  product  than  an  unduly  large  proportion  of 
lamps  which  fail  after  a  few  hours  of  burning.  Any  system  of 
evaluating  useful  or  economic  life  of  lamps  is  unsatisfactory 
to  a  certain  extent  because  it  credits  the  undesirable  lamp  which 
fails  after  a  few  hours  of  burning  with  one  hundred  per  cent, 
of  its  maximum  possible  value  under  any  conditions  of  service, 
while  attributing  to  the  long  life  lamp  only  a  portion  of  the 
maximum  possible  value.  It  is  difficult  to  conceive  of  any  prac- 
ticable remedy  for  this,  short  of  a  direct  penalization  system 
which  would  credit  only  a  fraction  of  actual  performance  to 
the  early  failures  among  a  product. 

Under  this  proposed  scheme  the  general  objection  may  be 
raised  that  individual  lamps  may  be  permitted  to  run  below  80 
per  cent,  or  may  be  removed  from  test  before  reaching  80  per 
cent,  of  initial  candle-power.  This  is  true  but  such  performance 
must  represent  divergence  from  the  normal  and  must  suffer  or 
profit  to  the  extent  that  such  divergence  may  affect  the  candle- 
power  throughout  the  test  period.  Surely  this  is  a  minor  ob- 
jection largely  academic  in  character  and  one  which  one  need 
not  hesitate  to  incur  in  order  to  avoid  the  grave  consequences 
of  the  misleading  character  of  the  existing  method. 

conclusion. 

The  authors  have  made  extensive  use  of  the  conventional  meth- 
od of  evaluating  the  "useful"  life  of  lamps.     They   recognize 
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fully  that  this  method  is  a  logical  and  consistent  application  of 
the  80  per  cent,  criterion,  wherever  that  criterion  is  held  to  be 
applicable  to  the  performance  of  individual  lamps.  Some  two 
years  ago  the  tendency  of  this  method  to  mislead  began  to  be 
apparent,  and  since  that  time  they  have  in  many  cases  supple- 
mented statements  of  "useful"  life  and  candle-hours  by  state- 
ments showing  for  certain  arbitrarily  selected  periods  the  mor- 
tality and  candle-power  of  survivors.  Often  the  extent  of  the 
error  involved  in  the  standard  practise  has  been  sufficient  to 
mislead  regarding  the  relative  merits  of  competing  products  or 
of  different  types  of  lamps.  Due  to  such  difficulties,  it  seems 
wise  to  abandon  a  strict  application  of  the  criterion  to  the  per- 
formance of  individual  lamps  and  without  abating  adherence 
to  the  criterion,  apply  it  to  the  normal  performance  of  each  class 
of  lamps  in  order  to  determine  a  test  period. 

As  these  proposals  are  somewhat  at  variance  with  well-estab- 
lished practise,  it  would  be  unwise  to  advocate  any  immediate 
change  in  method.  Thorough  scrutiny  and  discussion  are  first 
in  order.  Whatever  the  outcome  of  such  discussion,  the  authors 
venture  to  express  the  hope  that  such  change  in  practise  as  may 
be  found  desirable  may  be  so  effected  as  to  continue  the  useful 
life  idea  without  involving  the  practise  in  the  unsatisfactory 
methods  which  are  now  standard. 

DISCUSSION. 

Mr.  B.  J.  Edwards : — The  question  of  the  proper  evaluation  of 
a  lamp  is  one  always  before  the  manufacturer  and  the  user  of 
lamps  as  well.  From  the  standpoint  of  the  manufacturer  I  can 
say  that  this  subject  is  of  particular  interest.  I  am  very  glad  that 
the  question  has  been  studied  by  Mr.  Millar  and  Mr.  Lewinson 
and  that  this  paper  has  been  presented  at  this  meeting. 

The  question  as  to  what  is  the  proper  evaluation  of  a  lamp 
involves,  it  seems  to  me,  two  considerations:  a  consideration  of 
what  one  might  call  desirability  features;  and  cost.  If  one  con- 
siders only  desirability  features  then  there  can  hardly  be  a 
lion  but  that  the  decision  should  depend  on  the  minimum 
value  which  would  he  allowable  from  the  standpoint  of  good 
service.  If  nothing  else  were  to  be  considered,  the  question  to 
decide  would   be  just   what  minimum  candle-power    could    be 
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allowed  in  an  installation  and  yet  have  the  service  considered 
good.  The  desirability  exclusive  of  cost  considerations  can  be 
properly  expressed  in  hours  to  some  per  cent,  candle-power. 

When  one  comes  to  the  question  of  cost,  the  evaluation  of  a 
lamp  in  my  opinion  is  not  in  proportion  to  the  number  of  candle- 
hours,  as  Mr.  Millar  and  Mr.  Lewinson  have  seemed  to  assume 
throughout  their  paper.  The  worth  of  a  lamp  to  a  customer 
cannot  be  measured  in  terms  of  the  candle-hours  that  it  will 
furnish  during  its  life.  If  the  lamp  had  stored  up  within  it 
the  energy  which  would  be  necessary  to  supply  light  throughout 
the  life  of  that  lamp,  then  its  value  could  be  measured  directly 
in  terms  of  candle-hours;  but  such  is  not  the  case.  Consider 
the  illustration,  I  believe  it  was  figure  3,  where  one  lamp  showed 
one  per  cent,  higher  candle-power  throughout  the  life  as  com- 
pared with  another  lamp.  If  the  total  cost  of  light  to  the  cus- 
tomer using  those  two  lamps  is  considered  the  difference  in 
value  of  the  two  lamps  is  not  one  per  cent,  as  is  shown  by  the 
candle-hours.  It  is  something  which  depends  on  the  cost  of 
energy.  For  this  particular  case,  by  a  rough  computation,  I 
find  that  the  eighty  per  cent,  criterion  is  the  nearer  of  the  two 
in  question  and  would  hold  exactly  if  the  cost  of  energy  were 
about  two  cents  a  kilowatt-hour.  If  the  cost  of  energy  is 
greater  than  two  cents  a  kilowatt  hour  the  difference  is  not  less 
than  four  per  cent.,  but  is  even  greater,  and  for  this  particular 
case  would  be  over  ten  per  cent.  Therefore,  considering  this  one 
example  alone  it  would  seem  that  the  eighty  per  cent,  point 
would  be  a  better  criterion  for  evaluating  this  lamp  than  the  one 
proposed  by  the  authors  of  the  present  paper. 

As  I  mentioned  a  moment  ago  the  assumption  seems  to  have 
been  made  all  the  way  through  the  paper  that  the  proper  criter- 
ion, without  question,  is  the  candle-hours  obtainable  from  the 
lamp  out  to  a  point  in  hours  where  the  candle-power  has  fallen 
to  a  value  where  the  light  is  no  longer  adequate.  The  main 
point  I  wish  to  make  in  this  discussion  is  that  it  would  seem  to 
me  from  either  the  standpoint  of  desirability  or  from  the  stand- 
point of  cost  that  this  is  not  the  basis  which  will  give  the  true 
value  to  the  user.  In  spite  of  the  fact  that  the  proposed  method 
gives  more  accurate  information,  it  happens  that  the  old  80  per 
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cent,  criterion  gives  values  more  nearly  proportional  to  the  true 
worth  of  the  lamp. 

I  have  noticed  that  the  authors   use  th<  -sion   candle- 

power-hours  per  watt,  and  in  looking  over  the  paper  I  could  not 
quite  see  from  a  dimensional  standpoint  why  candle-power  hours 
per  watt  would  be  a  proper  measure  to  use  there.  Perhaps  they 
had  some  very  good  reason  for  putting  it  in  that  form. 

Another  question  that  I  would  like  to  a.sk  is  just  about  how 
the  two  methods,  the  one  called  the  conventional  method  and  the 
one  called  the  proposed  method,  compare  in  the  penalty  applied 
to  early  burn-outs,  a  question  which,  of  course,  is  of  great 
importance. 

Mr.  Ward  Harrison: — I  agree  with  Mr.  Edwards  that  if  one 
simply  wishes  to  rate  lamps  from  the  standpoint  of  desirability 
and  good  service  the  hours  to  80  per  cent,  candle-power  is  proba- 
bly  as  good  a  criterion  as  can  be  established:  hut  if  one  wishes 
to  determine  the  value  of  a  lamp  from  a  cost  standpoint  the 
ion  of  candle-hours  must  be  given  consideration  as  is  urged 
by  the  authors  of  this  paper.  It  should  be  remembered,  however, 
that  the  value  of  the  energy  consumed  by  a  lamp  far  outweighs 
the  cost  of  the  lamps  itself  and  no  proper  evaluation  of  lamp 
quality  can  be  made  without  taking  this  fact  into  account.  One 
may  say  that  the  average  lamp  user  is  interested  in  the  results 
of  comparative  life  tests  only  as  they  show  him  how  to  secure  the 
most  light  for  his  money.  The  prospective  purchaser  when 
sending  to  the  testing  laboratory  the  two  lamps  whose  life  curves 
shown  in  fig.  3  no  doubt  wished  to  learn  which  of  these 
lamps  would  be  the  better,  the  more  economical  for  him  to  buy 
and  how  much  difference  in  price  he  could  afford  to  pay  for  the 
superior  product.  If  I  have  understood  the  paper  correctly,  it 
i>  the  opinion  of  the  authors  that  one  per  cent,  properly  repre- 
the  difference  in  value  between  the  lamps,  while  the  old 
method  of  rating  shows  four  per  cent.  Personally  I  believe 
the  difference  is  even  greater  than  is  indicated  by  the  old  rating. 

Let  ik  assume  for  example  that  energy  cost  10c.  per  kilowatt- 

and   that   the   lamps   consume    50   watts   each    and   have   a 

;1  life  of  500  hours.     At  the  end  of  this  period  both  lamps 

will   have   consumed   25   kilowatt-hours,    1  1.     If   the 
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price  of  the  better  lamp  is  20c,  then  the  combined  cost  of  power 
and  renewals  in  this  case  will  be  $2.70.  The  poorer  lamp  will 
yield  throughout  the  500  hour  period  an  average  of  one  per  cent, 
less  light  than  the  20c.  lamp  and  hence  in  order  to  give  the  same 
economy,  should  have  a  total  operating  cost  of  $2,673.  Of  this 
latter  sum  $2.50  is  the  fixed  energy  cost,  practically  independent 
of  the  quality  of  the  lamp,  and  consequently  but  17.3c.  remains 
to  be  expended  for  the  lamp  itself.  From  the  standpoint  of 
economy  therefore  the  difference  in  quality  is  fully  14  per  cent. 
Similarly,  in  the  case  of  the  lamps  cited  in  fig.  4,  with  an  energy 
cost  of  ioc.  per  kilowatt-hour,  one  can  afford  to  pay  but  6.5c. 
for  the  poorer  lamp,  if  it  is  to  equal  in  economy  of  operation  the 
superior  lamp  selling  at  20c. 

Obviously,  since  the  results  of  the  preceding  calculations  de- 
pend to  a  large  extent  upon  the  rate  for  energy,  it  cannot  be 
stated  that  the  difference  in  value  of  the  lamps  in  the  two  groups 
taken  above  will  always  be  as  much  as  14  per  cent,  and 
67.5  per  cent,  respectively.  On  the  other  hand,  but  little 
calculation  is  required  to  show  that  in  no  practical  case, 
where  lamps  are  operated  at,  or  near  their  proper 
efficiency,  will  the  difference  in  quality  be  less  than  five 
times  the  figure  given  by  a  simple  comparison  of  candle-hour 
areas.  In  the  majority  of  cases  it  will  be  at  least  8  or  10  times 
as  great  as  is  indicated  by  such  a  comparison  and  not  until  the 
cost  of  energy  is  reduced  to  zero  will  the  difference  in  lamp 
value  be  as  small  as  the  difference  in  candle-hour  area.  What  a 
simple  comparison  of  candle-hour  areas  really  signifies  from  a 
cost  standpoint  is  the  reduction  in  the  total  expense  of  producing 
light  made  possible  by  new  developments  in  lamp  manufacture. 
A  table  illustrating  this  use  of  candle-hour  areas  was  given  in 
the  paper  by  Mr.  Randall1.  It  might  seem  inadvisable  however 
to  record  the  results  of  comparative  life  tests  on  incandescent 
lamps  of  the  same  general  type,  in  such  a  form  as  would  tend 
to  minimize  differences  in  quality  in  a  form  which  might  easily 
be  made  to  convey  a  misleading  impression  to  the  casual  ob- 
server. 

1  J.  E.  Randall — Recent  Developments  in  Manufacture  of  Incandescent  Electric 
Lamps — Trans.  I.  E.  S.,  vol.  6,  p.  626. 
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Mr.  J.  W.  Howell: — The  paper  presented  by  Messrs.  Millar 
and  Lewinson  to  my  mind  is  a  very  important  <>ne :  in   fact,  a 

nionary  paper.     In  the  General  Electric  Company  we  have 
been  testing  lamps  for  a  good  many  years,  by  the  old  eighty 

ent  method  of  termination  of  life,  and  have  always  thought 
that  the  results  produced  were  approximately  correct.    Now,  Mr. 
Millar  proposes  a  new  method,  and  I  admit  that  the  method  gave 
me  a  shock  at  first,  and  I  presume  it  is  the  conservatism  of  the 
human  mind  not  to  like  to  be  told  that  what  they  have  believed 
e  right  for  fifteen  or  twenty  years  is  wrong.     There  is  a 
deal  to  be  said  in  favor  of  the  present  proposition  and 
great  deal  to  be  said  against  it.    The  principal  point  of  the  paper, 
and  the  only  one  that  I   will  discuss  at  all  this  morning  is  the 
to  change  the  period   of  terminating  a  test    from   a 
period  of  candle-power  to  a  period  of  hours.     To  my  mind  the 
termination  by  candle-power  is  the  natural  one,  while  the  termi- 
nation by  hours  is  arbitrary.  Lamps  fail  or  become  useless  for  two 

ns:   first,  they  break — of  course  a  lamp  broken  is   useless 

ifter;  and  second,  they  lose  their  usefulness  because  they 
lose  candle-power.  These  are  the  only  two  methods  by  which 
lamps  become  of  less  value  or  become  useless.  Now,  the  old  method 
of  value  follows  the  natural  lines  of  these  two  method 
failure.  In  other  words,  one  compares  lamps  by  the  time  at 
which  they  break  and  second,  if  they  don't  break,  by  the  time  at 
which  they  lose  a  definite  amount  of  their  candle-power.  Now, 
that  may  be  wrong,  but  it  has  served  a  very,  very  good  purpose 
in  the  past.    As  Mr.  Millar  has  shown  you,  the  old  method  makes 

iter  difference  in  the  assigned  values  than  the  new  method, 
because  the  old  method  makes  a  poor  lamp  poorer  than  the  new 
method  and  it  also  makes  a  good  lamp  better.     Now.  chat  all 
to  improve  the  quality  of  lamps  even  if  i  -Tgerated ; 

and  if  the  old  method  makes  a  poor  lamp  appear  even  poorer 
than  it  really  is,  it  has  served  a  good   purpose.      It   has  had  the 
•   of  making  the  candle-power  better.     If  the  new   method 
had  been  in  use  from  the  start  I  venture  to  say  that  the  progress 

•idle-power  maintenance   would   not   be  as   rapid  as  it  has 
been. 

'■.  this  subject  is  a  very  important  one.     We  can't  decide  it 
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here  by  talking  about  it.  It  requires  careful  thought  and  study. 
The  method  has  been  presented  to  the  Illuminating  Engineering 
Society  and  very  properly,  I  think,  because  it  is  immediately  in 
the  domain  of  the  illuminating  engineers  to  settle  points  of  that 
kind.  It  requires  very  careful  consideration,  and  I  think  it 
affords  an  opportunity  for  this  society  to  make  the  initial  move 
in  bringing  this  question  before  the  scientific  world.  I  think  it 
would  be  well  if  this  body  should  appoint  a  committee  who  would 
consider  this  matter  carefully,  and  put  in  as  definite  shape  as  possi- 
ble, with  our  recommendations,  so  that  it  might  be  presented  to 
the  other  societies  for  their  consideration.  I  think  it  is  a  very 
important  matter  and  should  be  pushed  along.. 

Dr.  B.  P.  Hyde : — The  question  of  testing  lamps  is  one 
that  has  been  and  always  will  be  of  considerable  importance.  It 
seems  to  me  that  if  there  is  a  proposal  to  change  the  method  of 
testing  lamps  it  is  a  question  of  standardization.  The  Illumi- 
nating Engineering  Society  took  a  very  active  and  prominent 
part  in  the  establishment  of  an  international  unit  of  candle-power, 
and  it  seems  to  me  that  this  is  a  question  that  ought  at  least  be 
put  before  the  standardization  committee  of  our  own  society. 
I  would,  therefore,  make  a  motion,  if  it  is  in  order,  Mr.  Chair- 
man, following  the  suggestion  of  Mr. 'Howell,  that  the  paper 
of  Mr.  Millar  and  Mr.  Lewinson  be  referred  to  the  committee 
on  nomenclature  and  standards  of  the  Illuminating  Engineering 
Society  with  the  suggestion,  that  if  that  committee  deems  it 
advisable  the  committee  appoint  a  sub-committee  to  discuss  the 
question  and  present  a  report  recommending  the  adoption  of 
what  seems  to  that  committee  a  suitable  method  of  testing  lamps. 

The  latter  resolution  was  adopted . 

Mr.  P.  S.  Millar  (in  reply)  : — Mr.  Edwards  has  introduced  the 
element  of  operating  cost  and  has  expressed  surprise  that  it 
was  not  considered  in  the  paper.  The  authors  have  considered 
that  the  evaluation  of  lamp  life  and  the  determination  of  operat- 
ing cost  were  separate  and  distinct  propositions.  Lamp  testing 
is  an  important  commercial  matter.  Broadly,  its  function  is  to 
determine  normal  lamp  performance  for  each  class  and  type  oi 
illuminant  in  order  that  the  engineer  may  have  data  upon  which 
to  base  his  computation  of  operating  cost.      The  engineer  utilizes 
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Dormal  performance  data  obtained  in  this  way  to  determine 
whether,  for  instance,  he  will  employ  carbon,  or  tungsten  lamps. 
The  problem  discussed  in  the  paper  is  rather  that  of  properly 
evaluating  small  variations  from  such  normal  performance  on 
the  part  of  any  given  type  of  lamp.  We  are  discussing  the 
lation  of  lamp  life  rather  than  of  lamps  themselves. 
Mr.  Kd wards  inquires  concerning  the  "candle-power  per  watt" 
phrase.  Our  proposal  is  to  consider  the  efficiency,  that  is  the 
candle-power  per  watt,  of  the  lamp  throughout  the  test  period. 
When  all  lamps  to  be  compared  survive  the  test  period,  the 
candle-power  per  watt  throughout  the  period  suffices.  If  some 
of  the  lamps  break  before  the  expiration  of  the  test  period,  the 
sal  is  to  determine  the  candle-power  per  watt  throughout 
the  life  of  each  lamp  and  to  multiply  such  value  by  the  ratio 
between  the  hours  burned  and  the  hours  in  the  test  period. 

Mr.  Edwards  inquires  further  concerning  the  penalization  of 
early  burn-outs  under  the  conventional  and   proposed  met1 
So  far  as  I  can  ascertain  either  from  theoretical  considerations 
or  application  of  the  method,  there  is  no  substantial  difference  in 
valuation  of  lamps  which  burn  out  early  in  life.     The  chief 
difference  between  the  two  methods  is  to  be  found  in  the   exagger- 
nportanceof  a  flight  superiority  in  candle-power  maintenance 
:rvivors  under  the  conventional  method.       A-  stated  in  the 
paper,  it  is  usually  found  that  when  there  is  a  somewhat  superior 
candle-power  maintenance  of  survivors,  there  is  an  exceptionally 
proportion  of  early  burn-outs  in  the  product.     Under  the 
conventional   method  of  evaluation   the  exaggerated   importance 
attributed  to  such  slight  superioritv  in  candle-power  maintenance 
rvivors  often  entirelv  covers  up  and  conceals  the  early  burn- 
in  the  product,  resulting  in  a  false  valuation. 
Mr.  Howell  has  stated  that  a  candle-power  termination  of  the 
1  life  period  is  a  natural  one.     With  t1 

It  i-  gnly  because  difficulties  hav<  xperienced   in 

the  practical  application  of  this   idea  that   we  hav 

■n  the  present  method.     As  it  i-.  the  proposal  in  this 
-  contemplate^  adherence  to  the  So  per  cent,  candle-pi 
termination  for  the  normal  performance  of  a  type  of  lamp,  but 
mdoning    it    and    substituting    a    termination    of    a 
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certain  number  of  hours  for  application  to  the  performances  of 
individual  lamps. 

Mr.  Howell  has  stated  also  that  even  if  the  present  method 
does  attribute  exaggerated  value  to  small  differences  in  candle- 
power  maintenance,  such  exaggeration  is  a  good  thing,  as  it 
gives  the  manufacturer  an  incentive  to  improve.  It  should  be 
noted,  however,  that  such  incentive  is  present  only  when  the 
candle-power  maintenance  is  unsatisfactory.  When  the  candle- 
power  maintenance  is  good,  the  incentive  is  lacking  and  the 
particular  objection  which  the  authors  have  urged  against  the 
present  method  is  that  a  fair  candle-power  maintenance  compen- 
sates for  great  inferiority  in  the  matter  of  early  burn-outs. 
Mr.  Howell  spoke  yesterday  of  the  unsatisfactory  performance 
of  Gem  lamps  of  early  manufacture,  and  stated  that  these 
features  which  were  unsatisfactory  have  since  been  done  away 
with.  He  will  undoubtedly  recall  that  in  the  case  of  the  Gem 
lamp  product  mentioned,  the  chief  unsatisfactory  feature  was 
early  burn-outs ;  the  survivors  maintained  the  candle-power 
rather  better  than  did  carbon  filament  lamps.  The  consequence 
was  that  under  the  present  method  of  evaluation  the  useful  life 
of  the  Gem  lamps  was  found  to  be  superior  to  that  of  the  carbon 
lamps,  notwithstanding  the  large  proportion  of  early  burn-outs 
in  the  product.  In  this  case  the  manufacturer  should  have  had  a 
great  incentive  to  improve  the  product,  but  as  far  as  test  results 
went  this  incentive  was  lacking,  because  the  good  candle-power 
maintenance  of  the  survivors  more  than  compensated  for  the 
early  burn-outs.  We  all  know  that  American  lamp  manufac- 
turers do  not  need  a  falsification  or  an  exaggeration  of  records  in 
order  to  afford  the  necessary  incentive  to  improve  the  product. 
The  marked  improvements  which  have  been  effected  in  Gem 
lamps  substantiate  this.  On  this  account,  as  well  as  on  broad 
general  principles,  we  submit  that  Mr.  Howell's  argument  in 
this  particular  should  be  thrown  out  of  court. 

Mr.  Harrison's  discussion  consists  largely  of  an  amplification 
of  the  points  raised  by  Mr.  Edwards  and  already  mentioned. 

Mr.  G.  S.  Merrill  (Communicated)  : — The  importance 
of  taking  into  consideration  both  candle-power  per- 
formance and  distribution  of  burn-outs  in  judging  incandescent 
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lamp  quality  can  not  be  too  strongly  emphasized.  For  several  years 
the  engineering  department  of  the  National  Electric  Lamp  Associa- 
tion has  been  using  '"mortality  curves"  or  curves  showing  percent- 
age of  lamps  burning  after  various  periods  of  time  as  an  imp  >rtant 
adjunct  to  the  familiar  life  candle-power  curves  in  judging  lamp 
performance.1  We  had  hesitated  however  to  adopt  any  method 
of  figuring  comparative  performance  which  would  measure  qual- 
ity in  abstract  numbers  for  the  very  reason  mentioned  in  the 
third  paragraph  of  the  paper  under  "Disadvantages  of  Prop 
Method."  In  commercial  service  early  burn-outs  are  a  serious 
matter  and  it  is  difficult  to  devise  a  method  which  will  properly 
adjust  the  penalty  for  such  failures.  Although  we  have  con- 
sidered the  candle-power  and  mortality  curves  individually  in 
judging  performance,  we  have  made  extensive  use  of  curves 
obtained  as  products  of  the  both  candle-power  and  mortality  and 
of  wattage  and  mortality  in  evaluating  lamp  performance  for 
calculations  of  most  economical  operating  efficiency. 

In  order  to  thoroughly  investigate  the  economic  possibilities 
of  any  particular  kind  of  lamp  it  is  necessary  to  have  complete 
knowledge  of  what  they  will  do  when  burned  under  certain 
known  conditions.  One  must  know  the  candle-power  mainte- 
nance and  the  change  in  wattage  with  burning  and  finally  one 
must  not  be  content  to  base  his  calculations  alone  on  an  average 
life  obtained  from  tests  on  a  large  number  of  lamps,  but  must 
know  just  how  the  burn-outs  have  been  distributed  during  the 
1  of  service.  We  have  therefore  arrived  at  a  method  of 
evaluating  lamp  life  for  the  purpose  of  "best  efficiency"  calcula- 
tions which  is  similar  to  that  used  by  the  authors  of  the  paper 
under  discussion  for  the  purpose  of  comparing  the  qualii 
different  lamps.  Not  only  have  we  used  product  curves  of 
candle-power  and  per  cent,  lamp  burning  in  these  calculations 
the  total  luminous  output  of  a  group  of  lamps  at  any 
period  of  burning  ''considering  that  no  renewals  are  made  as 
the  lamps  burn  out)  but  we  have  also  used  product  curves  of 
v.  attage  and  per  cent,  lamps  burning  to  -how  the  corresponding 
energy  consumption  of  the  group  of  lamps  under  consideration. 

'  A  mortalitv  curve  for  as  it  has  been  termed  in  the  article  mirier  discussion  a  curve  of 
"survivors"*  was  used  by  the  writer  in  showing  lamp  performance  in  a  paper  presented 
■t  the  Toronto  section,  A    I    E    i      N    »       .1909. 
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By  using  such  a  comprehensive  method  of  evaluating  lamp 
performance  it  is  not  necessary  to  base  the  calculations  on  an 
average  life  to  any  arbitrarily  assumed  smashing  point,  as  has 
been  generally  done  in  ''best  efficiency"  calculations.  The  final 
results  obtained  by  this  fundamental  method  of  analysis  for  any 
particular  case  may  be  summarized  in  tabular  form  as  follows : 

Total  Cost  per  1,000  Mean  Spherical  Candle-Hours. 

40-watt,  no-volt  tungsten  lamp.     Lamp  cost  70c.     Equivalent  energy 

rate  10c.  per  kw-hr.     Life  calculated  to  different  smashing 

points  or  previous  burn-out. 


Smashing  point 
per  cent,  hori- 
zontal c-p. 
(individual) 

Initial 

efficiency 

watts 

per  mean 

hori 

zontal 

can 

die 

1 .00 

1. 10 

1. 15 

1.20 

1.25 

90 

2J.OC. 

21.6c. 

20.9c. 

20.6c. 

20.5c. 

85 

21.2 

19.9 

I9.6 

19-5 

19.6 

80 

I9.8 

19.0 

18.9 

19.0 

19.2 

75 

lS.8 

18.5 

IS.5 

18.8 

I9.I 

Figures  tabulated  in  this  way  are  more  instructive  than  if 
based  upon  the  life  to  any  arbitrarily  assumed  smashing  point  or 
previous  burn-out. 

Mr.  M.  D.  Cooper  (Communicated)  : — On  the  fourteenth  page 
of  the  paper  is  the  statement  that  "The  exact  location  of  the 
'smashing  point'  varies  with  the  cost  of  energy  and  the  cost  of 
the  lamp."  I  do  not  wish  to  criticise  that  statement,  for  under 
the  conditions  stated,  it  is  absolutely  true.  I  do  desire,  however, 
to  amplify  it  with  the  conclusions  of  some  calculations  regarding 
"best  efficiency."  These  calculations  were  based  upon  the  three 
elements :  Candle-power  maintenance,  wattage  consumption, 
rate  of  mortality.  It  was  found  that  the  smashing  point  for  a 
given  type  of  lamp  varied  with  the  rated  efficiency  of  the  lamp. 
For  some  particular  efficiency  and  some  particular  smashing 
point,  however,  the  average  cost  per  unit  of  luminous  output 
is  an  absolute  minimum.  The  peculiar  feature  encountered  was 
that  the  smashing  point  required  to  give  an  absolute  minimum 
cost  of  light  is  practically  independent  of  the  cost  of  lamp  and 
the  cost  of  energy.  The  following  data  demonstrates  an  example 
of  this.- 
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40-WATT    Tl    \«  .si  I    N     I.  WII'. 

itions  requi  te  mini- 

mum cost  "i  light 


Km 

[nil 

pel  kw  hr. 

Lamp 

w.  ; 

I.06 

1" 

70 

1.12 

5 

50 

1. 17 

5 

70 

[.23 

75 

76 
76 

Average 76 

The  following  average  data  for  other  sizes  and  classes  of  lamps 
may  be  of  interest. 

Smashing  point  (per  cent,  of  of  initial  c-p.'i  required 
for  absolute   minimum  cost  of  light  for  am  1 
lamp  and  energy  (proper  efficiency  being  assumed) 


Wattage 

Carbon 

Gem 

Tungsten 

25 

62 

— 

— 

40 

— 

61 

76 

50 

62 

65 

— 

60 

— 

67 

75 

So 

— 

6.S 

IOO 

6S 

67 

78 

— 

— 

74 

500 

— 

— 

73 

....      64 

6.5 

75 

Messrs.  P.  S.  Millar  and  L.  J.  Lewinson  (communicated 
In   the  discussion   at   Chicago   Messrs.   Edwards   and    Harrison 
introduced   operating   costs   as   a   basis   of    determining    relative 
values  of  lamps.     In  reply  the  authors  stated  that  as  the  p 
dealt  with  methods  of  evaluating  life  performance  for  life 
ing  purposes,  considerations  of  operating  costs  were  not  1 
nent.     It   is   desired  at   this  time,   however,   to  comment   briefly 
upon  these  statement-. 

'  operating  Costs.     The  vii 
and  Harrison  may  be  indicated  by  the  following  paraphrase: — 

ming  a   500-hour  useful   life    (50-watt   Ian 
Per  k:  ur  and  a  lamp  price  of  2  current 

•   the  lamp  would  b<  rating 

fi  ir  each  lamp.     To  gi  I   thi 

vtr  hour,   ill'  ating  cost 

the    lamp    which    i-  in    cartdh 

70.     With    both    lamps    the    energy   cost 
ition   is   to  tic  had, 
mer  can   afford  to  pay  ik>  more  than    [7.3 
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lamp  as  against  20  cents  for  the  better  lamp.  This  is  a  measure  of 
the  value  of  the  two  lamps  and  the  difference  is  therefore  about  14 
per  cent,  in  value. 

The  method  here  contemplated  determines  the  difference  in 
operating-  economy  and  evaluates  lamps  by  ratios  between  such 
differences  and  the  first  cost  of  the  lamps.  If  this  principle  were 
to  be  accepted,  the  difference  in  values  of  the  two  lamps  would 
be  as  follows  for  various  hours  of  burning  under  the  same  as- 
sumptions of  current  and  lamp  costs — 

100  hours 3-5%   difference  in  value. 

500  hours 14  %      difference  in  value. 

1000  hours 29^      difference  in  value. 

If  the  difference  in  candle-power  were  7.4  per  cent,  instead 
of  one  per  cent,  the  value  of  the  inferior  lamp  would  be  stated 
as  zero. 

These  comparisons  indicate  the  indecisive  character  of  the 
measure  of  value  afforded  by  the  method  employed  by  Messrs. 
Edwards  and  Harrison.  Such  large  variations  in  conclusions 
must  follow  when  all  the  difference  in  operating  economy  is 
charged  against  a  relatively  small  element  of  the  total  operating 
cost.  It  is  very  difficult  to  see  why  the  first  cost  of  the  lamps 
should  bear  the  entire  burden  of  such  differences  in  operating 
economy.  It  is  treated  in  this  way  because  the  speakers  stated 
that  the  cost  of  current  was  fixed  and  that  therefore  the  other 
element,  the  cost  of  the  lamps,  must  bear  the  burden.  As  a 
matter  of  fact  the  cost  of  the  lamps  is  fixed  as  much  as  is  the  cost 
of  current.  It  would  be  just  as  logical  and  just  as  reasonable  to 
say  that  the  cost  of  the  lamps  being  fixed,  one  could  afford  to  pay 
for  the  current  only  ($2.50 — $0,027=)  $2,473,  which  shows  that 

i.1.  1  c  A.      •    c     •        1  •      ($2-5°  —  $2-473  =) 

the  value  of  the  inferior  lamp  is  — — - — -~ — :LL^ 1.08  per 

$2.50 

cent,  less  than  that  of  the  other  lamp. 

As  a  matter  of  fact  both  the  cost  of  the  lamp  and  the  cost 
of  the  current  must  be  assumed  to  be  fixed.  The  only  practicable 
and  reasonable  procedure  in  computing  differences  in  value 
based  upon  operating  economy  is  to  show  the  fixed  total  operat- 
ing cost  in  terms  of  the  light  produced  by  the  two  lamps. 


MILLAR  AND  LLWI N SON  I    EVALUATION  OF  LAMP  LIFE        781 

If  it  be  assumed  that  lamps  are  to  be  valued  on  the  basis  of 
operating  economy,  the  answer  seems  very  simple: 

Lamp  No.  1         Lamp  No.  2 

Li.^'ht  produced loofb  99^ 

Cost  <>f  lamp 20c.  20c. 

Cost  of  energy 52.50 

Total  operating  cost a  2. 70 

Ratio  operating  cost  to  light  produced 2  -727 

Difference  in  value 

It  appears  obvious  that  100  of  the  poorer  lamps  would  give 
the  same  lighting  service  as  99  of  the  better  lamps,  but  with  a 
difference  in  operating  cost  amounting  to  about  one  per  cent. 
Given  lamps  which  yield  about  one  per  cent.  less  light  for  the 
same  operating  cost,  or  the  same  light  for  about  one  per  cent, 
greater  operating  cost,  it  is  difficult  to  see  how  an  evaluation 
based  upon  operating  economy  can  result  in  other  than  a  dif- 
ference of  about  one  per  cent. 
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THE  EFFECTIVENESS  OF  LIGHT  AS  INFLUENCED 
BY    SYSTEMS    AND    SURROUNDINGS.1 


BY    J.    R.    CRAVATH. 


The  efficiency  of  various  artificial  lighting  systems  is  frequently 
expressed  in  the  percentage  of  the  total  lumens  generated 
which  reach  a  given  working  plane.  Such  information  must 
always  be  of  fundamental  importance  and  it  should  be  the 
constant  effort  of  the  illuminating  engineer  to  get  more  imf orma- 
tion.  However,  it  has  been  recognized  for  some  time  that  the  illu- 
minating engineer  must  go  a  step  farther  and  study  the  relative  ef- 
fectiveness or  efficacy  of  the  lumens  delivered  by  different  methods 
and  with  different  surroundings  as  well  as  with  different  in- 
dividuals. To  put  the  problem  in  another  way :  will  a  foot- 
candle  of  illumination  intensity  delivered  on  a  given  part  of  a 
working  plane  be  as  effective  in  enabling  a  person  to  see  clearly 
under  one  set  of  surroundings  and  conditions  as  under  another? 
How  is  visual  acuity  affected  by  the  color  and  illumination  of 
surroundings,  by  glare  from  lamps  in  the  field  of  vision,  by  glare 
or  shadows  on  the  work,  or  by  personal  peculiarities.  A  high 
efficiency  avails  nothing  if  it  is  accompanied  by  such  character- 
istics as  make  vision  uncomfortable  or  inconvenient.  These 
questions  have  a  very  practical  bearing  on  the  design  and 
arrangements  of  illumination  system   in  every-day  practise. 

The  author  has  been  questioned  frequently  as  to  the  com- 
parative effectiveness  of  direct  and  indirect  lighting  systems  as 
at  present  commonly  installed,  and  whether  indirect  installa- 
tions should  be  figured  for  a  higher  or  lower  foot-candle  in- 
tensity than  direct  installations?  Plenty  of  theory  but  very  few 
facts  may  be  found  on  these  questions.  The  principal  scientific 
investigations  bearing  upon  them  would  lead  one  to  rather  con- 
flicting conclusions.  It  has  been  a  matter  of  common  observa: 
tion  for  years  that  a  bright  light  near  the  center  of  the  field  of 

1  A  paper  read  at  the  fifth  annual  convention  of  the  Illuminating  Engineering 
Society,  Chicago,  September  25.  26,  29  and  28,  1911. 
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i  seriously  interferes  with  one's  ability  to  see  clearly.  Mr. 
A.  J.  Sweet  has  reduced  this  knowledge  to  exact  form,  as 
which  prevail  in  street  lighting  are  concerned, 
in  his  investigations  which  were  reported  in  a  paper  which 
appeared  in  the  Journal  of  the  Franklin  Institute  for  May,  1910. 
He  found  under  those  conditions  that  a  light  within  twenty-six  de- 
-  of  the  center  of  the  field  of  vision  necessitated  higher 
illumination  on  the  object  viewed.  Mr.  Preston  S.  Millar  in 
1910  got  somewhat  similar  results.1 

On  the  other  hand  Mr.  Preston  S.  Millar  in  his  paper  before 
the  1907  convention  of  the  Illuminating  Engineering  Society  on 
the  "Elements  of  Inefficiency  in  Diffused  Lighting  Systems" 
showed  that  under  certain  conditions  a  number  of  persons  tested 
required  about  65%  more  foot-candles  on  the  reading  page  with 
a  certain  indirect  system  than  was  recptired  with  a  direct  system. 
While  the  author  has  never  questioned  the  accuracy  of  the  re- 
sults obtained  by  Mr.  Millar,  he  has  felt  that  the  indirect  light- 
ing installation  used  by  him  for  the  test  produced  such  abnormal- 
ly bright  walls  that  it  did  not  represent  a  commercial  indirect 
equipment  as  used  extensively  to-day  and  that  further  tests 
ought  to  be  made  on  this  point. 

Another  difficulty  encountered  in  calculating  illumination  has 
been  the  difference  between  persons  as  to  the  illumination  re- 
quired for  a  given  work.  This  has  been  especially  troublesome 
in  practise  where  the  illumination  of  a  large  general  office  is 
dealt  with.  Certain  individuals  apparently  require  much 
illumination  than  other-.  A  question  arises,  therefore,  as  to  what 
are  reasonable  and  what  are  unreasonable  requirements  in  this 
respect,   or,   what   constitute.-,   abnormal    requirements? 

Very  little  has  been  known  as  to  the  influence  of  surroundings 
on  the  illumination  required.  It  is  of  course  known  that  when 
the  eye  becomes  accustomed  to  very  low  illumil  at  night, 

it  can  discern  objects  which  could  not  have  been  seen  before  the 
eye  became  adjusted  to  the  darkness.  It  has  not  been  known, 
however,  what  effect  light-colored  wall  ample,  have 

the  illumination  required  for  d"iri£r  certain  work  as  compared 
with  the  illumination  required  with  dark  colored  walls  within 
the   range   of  ordinary  commercial   work.     The   experiments  of 

1  T> 
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Mr.  Millar  just  referred  to  on  indirect  lighting  seem  to  show 
conclusively  that  under  certain  extreme  conditions  walls  of  light 
color  highly  illuminated  necessitate  a  higher  order  of  illumina- 
tion on  the  work.  Little  has  been  known,  however,  as  to  how 
far  this  principle  applies  to  ordinary  commercial  conditions  with 
artificial  illumination.  In  opposition  to  the  principle  just  men- 
tioned, several  authors  have  pointed  to  the  fact  that  the  eye  like 
the  photographic  camera  obtains  a  sharper  and  clearer  picture 
when  the  iris  or  diaphragm  is  contracted  to  a  small  opening.  Since 
the  iris  would  naturally  open  wider  amid  dark  surroundings, 
vision  would  not  be  as  clear  because  of  the  spherical  aberration 
of  the  eye.  This,  it  has  been  argued,  would  necessitate  higher 
illumination  on  the  work  amid  dark  surroundings  than  amid  light 
surroundings. 

On  account  of  the  importance  of  the  various  questions  which 
have  been  outlined,  the  tests  herein  described,  which  were 
carried  out  under  the  supervision  of  the  author,  were  undertaken 
to  throw  some  light  on  these  subjects  and  pave  the  way  for 
further  investigation.  They  are  of  necessity  incomplete,  but 
enough  data  have  been  obtained  to  point  to  some  very  interesting 
and  important  conclusions. 

THE    TEST    ROOM. 

These  tests  were  conducted  in  a  room  18  feet  8  inches  by  21 

H      "       H 


Fig.  1. — Diagram  of  room  in  which  tests  were  made. 

feet  long.     The  ceiling  height  was  10  feet.     Being  a  basement 
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room,  all  daylight  was  excluded.  The  only  openings  were  two 
doors,  which  were  closed  with  dark  green  portieres.  The  ac- 
companying  thawing  shows  a  plan  of  the  room.  The  ceiling 
and  walls  were  of  ordinary  smooth  plaster  very  light  cream 
in  color;  the  floor  color  was  reddish  brown.  The  furniture  con- 
sisted of  several  desks  and  a  row  of  dark  colored  transfer  file 
cases  about  30  inches  high  along  the  south  wall.  There 
were  five  outlets  as  shown,  of  which  No.  1,  2,  3  and  4  were 
located  in  the  approximate  center  of  the  four  quarters  of  the 
room  respectively.  Outlet  No.  5  was  in  the  center  of  the  room. 
In  some  of  the  tests  as  described  later  only  the  center  outlet  was 
employed.  In  other  tests  only  the  outlets  in  the  four  quarters 
1,  2,  3  and  4  were  employed. 

TESTING   THE  LIGHT   REQUIRED   FOR   READING. 

The  method  employed  in  testing  the  amount  of  light  required 
for  reading  purposes  by  different  individuals  was  as  follows : 
The  person  under  test,  who  will  hereafter  be  referred  to  as  the 
subject,  was  seated  at  a  flat  top  desk  in  such  position  as  to  read 
comfortably  and  naturally  a  column  of  the  ordinary  reading 
print  from  the  Saturday  Evening  Post.  The  paper  was  always 
laid  flat  on  the  desk  top.  Just  alongside  the  paper  was  placed  the 
test-plate  of  a  Sharp-Millar  photometer  to  measure  the  illumina- 
tion. As  far  as  the  position  of  the  paper  and  the  subjects  were 
concerned,  the  conditions  corresponded  closely  to  those  of  a  per- 
son working  at  a  flat  top  desk  with  the  work  directly  in  front 
on  the  desk.  The  routine  which  was  followed  for  each  reading 
was  as  follows :  A  rheostat  was  inserted  in  series  with  the 
lamps  of  the  system  under  test  and  the  lamps  were  first  dim- 
med to  a  point  below  which  reading  was  uncomfortable.  The 
illumination  was  then  gradually  raised  by  cutting  out  resistance 
until  a  point  was  reached  which  the  subject  considered  the  mini- 
mum value  of  illumination  which  would  permit  of  comfortable 
continuous  work.  The  subject  was  instructed  to  select  the  point 
at  which  he  would  be  willing  to  work  continuously  if  the  light- 
ing was  costing  him  considerable  money,  but  nevertheless  a  point 
at  which  he  would  be  willing  to  work  continuously.  After  this 
point  was  measured  by  the  photometer  the  illumination  was 
again  raised  and  the  subject  was  instructed  to  select  the  value 
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of  illumination  which  was  ample  without  being  wasteful.  After 
this  value  was  reached  and  read  on  the  photometer,  the  illumina- 
tion was  again  lowered  and  the  same  process  repeated.  Three 
preliminary  tests  which  were  not  recorded  were  taken  on  each 
subject  to  allow  him  to  become  accustomed  to  the  routine  and 
also  to  allow  his  eyes  to  become  accustomed  to  the  change  from 
daylight  to  artificial  light,  as  these  tests  were  made  during  the 
day  time.  Ten  recorded  readings  were  made  with  each  subject 
in  each  test  except  where  otherwise  noted.  The  subjects  with 
but  one  exception  were  men  interested  in  illumination.  All  but 
one  were  selected  with  a  view  of  absolute  freedom  from  any 
prejudice  which  might  be  caused  by  commercial  connection  with 
any  system  or  method  of  lighting.  One  subject  was  tested  who 
might  naturally  be  expected  to  have  some  such  unconscious  prej- 
udices affecting  his  result,  but  as  his  tests  corresponded  so 
closely  to  those  of  the  majority  of  others,  his  results  are  included 
among  the  others  as  giving  added  confirmation  to  the  conclu- 
sions reached. 

Following  is  a  list  of  the  tests  conducted  on  each  subject  after 
the  manner  before  described. 

In  test  No.  3,  an  indirect  lighting  fixture  with  cone-shaped 
one-piece  corrugated  mirror  reflectors  pointed  upward  was  hung 
in  the  center  at  outlet  No.  5.  The  desk  was  placed  directly  un- 
der this  fixture.  In  this  test  the  highly  illuminated  ceiling  was 
practically  out  of  sight  of  the  subject. 

In  test  No.  4,  outlets  Nos.  1,  2,  3  and  4  in  the  four  quarters  of 
the  room  were  each  equipped  with  tungsten  lamps  having  the 
center  of  the  filament  about  twelve  inches  from  the  ceiling  and 
covered  with  prismatic  reflectors  giving  an  intensive  distribu- 
tion. The  desk  was  placed  at  A,  just  inside  the  west  door,  as 
shown  on  the  plan.  The  subject  therefore  sat  facing  four  di- 
rect lighting  units  and  the  conditions  were  similar  to  those  of  a 
person  working  at  a  desk  in  a  fairly  large  room  lighted  by  this 
system.  In  the  ordinary  reading  position  of  a  subject  in  this 
test,  the  head  was  inclined  forward  enough  so  that  the  eyebrows 
shaded  the  eyes  and  the  direct  light  from  the  units  did  not" 
enter  the  eye.  Whenever  the  subject  looked  up,  however,  the 
four  units  came  within  the  ransre  of  his  vision. 
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In  test  No.  7,  outlet  No.  5  in  the  center  of  the  room  w;is 
equipped  with  a  tungsten  lamp  about  twelve  inches  from  the  ceil- 
ing with  a  prismatic  reflector  giving  an  extensive  type  of  dis- 
tribution. The  reading  desk  was  placed  directly  under  the 
lamp  in  the  center  of  the  room. 

In  tost  No.  8,  indirect  lighting  fixtures  were  hung  from  out- 
lets N  is.  1.  -\  3  and  4  in  the  four  quarters  of  the  room.  The 
desk  was  located  at  A,  just  as  in  test  No.  4,  and  the  subject 
therefore  upon  looking  up  had  the  lighted  ceiling  over 
the  four  indirect  lighting  fixtures  within  the  range  of  his 
vision,  instead  of  the  direct  light  from  the  lamps  and  reflectors 
as  in  test  Xo.  4.  As  far  as  the  subject  was  concerned,  the  con- 
ditions in  this  test  also  were  similar  to  those  in  a  large  office 
using  a  similar  type  of  illumination. 

In  test  Xo.  9,  a  drop  cord  was  hung  from  the  center  outlet 
Xo.  5  and  an  opaque  desk  reflector  was  hung  about  seven  inches 
above  the  desk  which  was  placed  in  the  center  of  the  room. 
Dlack  curtains  were  hung  around  the  desk  so  as  to  have  the 
surroundings  of  the  subject  entirely  dark,  except  the  small  area 
of  desk,  paper  and  photometer  plate  immediately  under  the  re- 
flector. Conditions  in  this  test  were  rather  unusual,  although 
they  are  sometimes  encountered  in  offices  and  industrial  estab- 
lishments. The  object  of  this  test  was  of  course  to  determine  the 
influence  dark  surroundings  might  have  on  the  illumination  re- 
quired. 

The  results  from  these  tests  are  given  in  the  two  accompanv- 

ne  of  which  gives  the  foot-candles  considered  ample 

and  the   other  the  minimum   required    for  comfortable   reading. 

The  results  are  not  a  vera.  not  thought  proper  to 

average  results  in  such  cases.     Some  of  the  most  important  com- 

-  >ns  to  be  made   from   "ample"  table  are  as   follow 

Test  Xo.  9  represents  the  extreme  of  dark  surroundings  and 
localized  lighting :  while  test  Xo.  8  represents  the  extreme  of 
diffused  lighting  and  light  surroundings.     Out  ejects 

undergoing  both  these  tests,  ten  required  much  more  with  local- 
ized lighting  and  dark  surroundings  as  in  tc<=t  Xo.  9.  One 
required  very  much  less.  This  one  exception  is  rather  remark- 
able, in  view  of  the  decisive  results  to  the  contrarv  obtained  from 
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the  ten  other  subjects.  One  might  attempt  to  explain  this  by 
assigning  it  to  a  difference  in  eyes,  but  the  author  is  inclined  to 
think  the  cause  lies  elsewhere.  Dr.  Black  on  whom  these  ex- 
ceptional results  were  obtained,  read  his  paper  from  a  much  more 
acute  angle  as  measured  from  the  plane  of  the  paper  than  did 
the  other  subjects.  As  a  result  he  got  much  less  of  the  effect 
of  glare  or  regular  reflection  from  the  paper.  Further  com- 
ment will  be  made  on  this  later  in  connection  with  other  results. 

A  comparison  of  test  No.  3  (indirect  lighting  directly  over  the 
subject)  with  No.  7  (direct  lighting  directly  over  the  subject) 
shows  that  of  ten  subjects  making  these  two  tests,  five  required 
more  illumination  in  No.  3,  with  the  indirect  lighting,  and  five 
required  more  in  No.  7  with  the  direct  lighting.  These  results 
are  therefore  inconclusive  and  indicate  if  anything  no  difference. 

A  comparison  of  test  No.  4  and  No.  8  should  show  the  effect 
of  the  four  indirect  units  in  the  four  quarters  of  the  room  as 
compared  with  the  four  direct  units  similarly  placed.  Out  of 
ten  subjects  taking  this  test,  seven  required  more  illumination 
with  the  direct  lighting  in  test  4. 

A  comparison  of  test  No.  3  and  8,  namely  indirect  light  over 
the  desk  in  the  center  as  against  indirect  light  in  the  four 
quarters  of  the  room  and  the  desk  near  one  wall,  shows  that  out 
of  ten  subjects  taking  this  test,  eight  required  more  illumination 
in  test  No.  3,  with  indirect  light  coming  principally  from  over- 
head, than  in  test  No.  8,  with  indirect  light  coming  from  the 
entire  ceiling  in  front  of  the  subject  and  therefore  with  a  more 
thorough  diffusion  of  light  throughout  the  entire  room. 

A  comparison  of  tests  No.  7  and  No.  4,  namely  direct  light 
over  the  subject  in  the  center  of  the  room  versus  direct  light 
from  units  in  four  quarters  of  the  room,  tends  to  confirm  the 
foregoing  statement  inasmuch  as  six  out  of  ten  subjects  required 
more  light  with  the  desk  under  the  lamp  in  the  center  of  the  room. 

These  tests  show  that  within  the  range  of  commercial  practise 
there  is  nothing  in  the  theory  that  the  eye  requires  less  illumina- 
tion on  the  work  amid  dark  surroundings  or  with  dark  walls 
than  amid  light  surroundings  with  good  diffusion  of  light; 
in  fact  quite  the  reverse.  While  doubtless  extreme  conditions 
can  be  produced  as  in  the  experiment  of  Millar  previously  re- 
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ferred  to,  where  the  brightness  of  surroundings  necessitates  an  in- 
se  of  intensity  on  the  work;  such  conditions  do  not  come 
within  the  range  of  ordinary  practise 

The  author  believes  the  explanation  of  the  results  obtained 
from  these  tests  is  to  be  found  mainly  in  the  matter  of  glare  from 
the  paper  of  the  reading  page.     The  paper  selected   for  these 

is  one  which  is  notably  free  from  glare.  That  is  the  print 
on  it  can  be  read  with  the  paper  at  almost  any  angle  under  di- 
rect artificial  light;  whereas  the  print  absolutely  vanishes  in 
some  positions  with  the  majority  of  smooth  half-tone  papers  used 
in  our  monthly  magazines.  Nevertheless,  the  quality  of  light 
has  a  notable  influence  on  the  comfort  of  reading  even  the  paper 
with  which  these  tests  were  made.  In  the  case  of  the  shaded  di- 
rect light  with  all  surroundings  dark,  where  such  high  intensities 
were  required  by  the  subjects  with  one  exception,  the  light  all 
came  to  the  page  from  one  general  direction.  The  result  was 
that  the  subject  received  a  certain  amount  of  harsh  glistening 
effect  from  the  paper.  Although  an  attempt  was  made  to  place 
the  paper  in  such  a  position  as  to  reduce  this  glare  as  much  as 
possible  for  the  average  subject,  nevertheless  it  was  noticed  by 
the  author  that  tilting  the  paper  when  held  under  the  opaque  re- 
flector made  a  noticeable  change  in  the  character  of  the  illumina- 
tion and  improved  the  comfort  of  reading.  With  the  desk  placed 
at  one  side  of  the  room  and  with  light  falling  on  the  paper  from 
the  large  diffusing  surface  of  the  ceiling  and  walls,  a  minimum 
amount  of  glare  effect  was  experienced.  In  other  words  the 
more  complete  diffusion  of  the  light  produced  the  soft  effect 
which  is  a  matter  of  common  comment  in  indirect  lighting  and 
which  is  in  contrast  to  the  harsh  effect  of  light  coming  from  one 
d;rection  from  a  single  point.  This  so-called  harsh  effect  is 
really  regular  or  specular  reflection  from  minute  portions  of  the 
paper  or  other  object  viewed  which  act  like  mirrors.  It  may,  of 
ned  that  the  conditions  in  these  tests  were  not  al- 
ther  normal  in  that  the  subjects  were  required  to  keep  the 
reading  page  flat  on  the  desk,  whereas  in  practise  the  subject 
would  ordinarily  tilt  the  paper  to  the  most  comfortable  angle. 
As  regards  reading  al^ne.  this  would  be  true:  but  much  writing 
and  nffice  desk  work  must  be  done  flat  on  the  desk  on  a  certain 

t 
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definite  plane  and  that  system  of  lighting  is  most  perfect  which 
permits  the  worker  to  place  his  papers  at  any  convenient  angle 
without  dodging  the  glare  from  the  paper. 

The  theory  that  glare  is  largely  responsible  for  the  high  il- 
lumination required  in  some  of  these  tests  is  confirmed  by  a 
further  study  of  them.  Dr.  Black,  the  only  subject  who  required 
less  illumination  in  test  No.  9  than  in  test  No.  8,  read  his  paper 
from  an  angle  which  reduced  the  glare  effect  in  test  No.  9.  Go- 
ing a  step  further  one  observes  that  most  subjects  wanted  more 
light  on  the  paper  when  the  desk  was  in  the  center  of  the  room 
under  the  principal  source  of  light  than  when  the  desk  was  at.  one 
side  of  the  room.  This  applies  to  both  systems  of  lighting.  The 
author  believes  this  is  simply  because  of  the  greater  glare  effect 
in  the  center  and  the  more  perfect  diffusion  with  the  desk  nearer 
the  wall  and  a  larger  number  of  lighting  units. 

The  test  in  which  most  of  the  subjects  required  the  least  il- 
lumination was  test  No.  8,  in  which  the  room  was  lighted  from 
four  indirect  fixtures.  The  desk  in  that  instance  received  light 
of  the  most  diffused  character. 

Another  point  of  interest  to  be  noted  in  connection  with  these 
tests  is  that  as  a  general  rule  the  older  the  subject  the  higher  the 
intensity  of  illumination  required.  Only  two  of  the  subjects 
wore  glasses  and  neither  of  these  because  of  age.  Undoubtedly 
subjects  fifty  years  old  or  more  could  have  been  found  who 
would  have  required  much  higher  illumination  than  that  noted 
in  the  table.  This  is  a  factor  to  be  considered  in  planning  the 
illumination  of  large  offices  where  many  old  employees  are  work- 
ing. 

GLARE  A  CONSTANT  FACTOR. 

While  the  foregoing  tests  were  being  conducted,  some  experi- 
ments were  also  made  to  determine  whether  the  glare  received 
from  paper  under  certain  conditions  is  dependent  upon  the  total 
quantity  of  illumination  falling  upon  it  or  is  inherent  in  the 
character  and  diffusion  of  the  light.  Some  highly  sized  paper 
was  placed  before  each  subject  in  the  position  which  would  give 
the  maximum  annoying  glare  and  the  illumination  was  raised 
and  lowered  in  the  attempt  to  find  a  comfortable  point.  No 
such  point  could  be  found  and  all  subjects  agreed  that  the  glare 
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equally  annoying  from  the  lowest  to  the  highest  illumina- 
tion. From  this  one  may  deduce  that  the  annoyance  caused  by 
is  not  caused  by  reflection  from  the  whole  sheet  of  paper, 
but  from  certain  minute  portions  of  the  paper  which  ar< 
fleeting  light  to  the  eye  much  more  than  certain  other  immediate- 
ly adjacent  portions.  It  is  the  extreme  contrast  between  the 
highly  illuminated  portions  and  the  less  illuminated  portions  be- 
tween that  makes  reading  impossible  when  glare  is  at  its  worst. 
Incidentally  the  author  may  remark  that  he  believes  that  the  an- 
noyance caused  by  glare  from  light  sources  is  altogether  a  matter 
of  contrast  with  their  surroundings.  This  has  apparently  been 
overlooked  in  many  discussions  of  the  subject. 

It  may  be  asked  here  why  certain  subjects  required  mure  il- 
lumination on  the  paper  when  receiving  glare  from  it,  if  the 
glare  was  found  to  be  independent  of  intensity  of  illumination. 
The  author  believes  this  is  easily  explained  by  the  fact  that  the 
subject  would  naturally  ask  the  illumination  to  be  raised  until 
he  found  a  point  which  was  comfortable  for  reading.  As  the 
glare  introduced  a  certain  fixed  element  of  discomfort,  the  sub- 
ject would  naturally  call  for  more  and  more  illumination  until 
he  would  realize  that  further  attempt  to  secure  more  comfortable 
conditions  by  an  increase  were  unavailing.  As  stated  before, 
the  glare  received  from  the  paper  under  test,  even  under  the 
worst  conditions,  was  not  distinctly  noticeable;  but  neverti; 
it  was  to  some  extent  present,  though  not  generally  recognized 
because  it  was  not  so  bad  as  to  prohibit  reading. 

The  results  obtained  emphasize  most  emphatically  the  im- 
portance of  diffused  lighting  similar  in  character  to  daylight  if 
the  illumination  is  to  have  that  soft  and  satisfactory  quality  which 
will  enable  work  to  be  done  at  any  angle  any  place  in  a  room 
or  office,  and  serve  industrial  purposes.       There  need  ordinarily 

0  fear  of  getting  the  illumination  too  si 
are  pre-cnt  though  unrecognized  in  both  artificial  indirect  light- 
ing and  natural  day  lighting  of  interiors,  and  only  by  extra- 
nary  precautions  could  shadows  be  eliminated  if  it  were  de- 
sirable to  do  so.  While  the  shielding  of  ligl  I  f  high 
intensity  within  the  range  of  ordinary  vision  will  continue  to  he 
of  the  essentials  of  good  illumination,  more  attention  should 
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be  given  in  the  future  to  this  question  of  the  quality  and  diffu- 
sion of  light,  so  that  it  will  be  received  on  paper  and  polished 
surfaces  from  many  directions  after  the  manner  of  daylight  and 
so  eliminate  the  two  most  objectionable  features  of  most  modern 
artificial  lighting,  namely  glare  from  work  and  sharp  shadows. 

The  concealing  and  shielding  of  the  light  sources  is  of  course 
more  important  in  audience  rooms,  living  rooms  and  all  classes 
of  interiors  where  persons  sit  for  some  time  with  the  light  sources 
within  the  range  of  vision  than  it  is  in  work  rooms  and  offices 
where  the  occupants  at  work  naturally  incline  the  head  so  that 
the  eyebrows  shield  the  eyes.  In  the  latter  places,  however,  the 
question  of  lighting  the  work  with  a  soft  diffused  light  is  very 
important.  The  comfort  of  working  under  properly  arranged  in- 
direct light  which  is  making  the  indirect  system  popular  for  offices, 
where  it  has  been  properly  tried,  is  undoubtedly  due  more 
to  the  diffused  character  of  the  lighting  and  the  consequent  ab- 
sence of  glare  from  the  paper  and  absence  of  sharp  shadows  than 
to  the  concealing  of  the  lamps  themselves. 

The  investigations  of  Mr.  L.  B.  Marks  at  various  times  re- 
ported in  the  Transactions  of  the  Illuminating  Engineering 
Society,  have  strongly  condemned  the  use  of  purely  localized 
lighting  with  opaque  reflectors  and  dark  surroundings.  The  re- 
sults here  reported  are  an  added  condemnation  of  that  system, 
and  point  to  the  broad  general  principle,  which  can  be  safely 
followed  in  illuminating  engineering  work,  of  obtaining  working 
light  from  as  large  surfaces  as  possible,  thus  imitating  as  far  as 
possible  the  diffuse  lighting  conditions  existing  in  daylight. 

GENERAL  CONCLUSIONS. 

The  general  conclusions  to  be  derived  from  these  tests  and 
previous  information  are  that  under  ordinary  working  condi- 
tions the  diffuse  character  of  the  light  falling  on  the  work  has 
more  influence  on  the  comfort  of  seeing  and  the  amount  of  re- 
quired illumination  than  the  brightness  of  the  surroundings. 
The  greater  the  percentage  of  diffuse  or  indirect  light  and  the 
less  the  percentage  of  direct  light  from  small  sources,  the  more 
satisfactory  the  system  is  likely  to  be  for  work  under  varying 
practical  conditions.  These  conclusions  apply  only  to  condi- 
tions where  there  are  no  exposed  lamps  within  twenty-six  de- 
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grees  of  the  center  of  vision,  when  the  c  1  the 

work;  because    the    brightness    of    lamps  ed    doubtless 

:s  annoyance  and  necessitates  increased  light  on  the  work. 
Extreme  brightness  of  surroundings  with   a  diffusing  lighting 

m  may  be  produced  experimentally,  which  will  necessitate 
high  illumination  on  the  work ;  but  for  economical  reasons 


t.vhi.k    of    foot-candles   considered  thk   minimum  i  mil.k 

for  Steady  Reading. 

Test  number 
Name  of  subject ■ , 

3 

Miss  B.  Hennessy 047  0.46  0.73  0.42 

Albert  Scheihle 0.S0  0.57  1.29  0.92 

O.  II.  Caldwell 0.47  0.42  0.27  0.18  0.30 

J.  R.  Cravath 0.89  0.91  0.92  1.12  2.00 

Walter  E.  Lent 0.60  0.99  0.50 

J.  B.  Jackson 0.47  0.45  0.68  0.30        0.50 

SI-].   Church 0.53  0.42  0.23 

A.  A.  Keene 1.53  1.48 

F.J.  Pearson 2.23  1.38  1.73  0.69 

W.  R.  Bonham 0.59  0.66  0.49  0.19  0.44 

I »r   Nelson  M.  Black —  —  1.47  r.35  o.69» 

II.  I).  Butler 0.64  0.46  0.85  0.44  1.45 

*  Less  than  10  readings  taken. 

Table  of  Foot-Candles  Considered  Ample. 

4  number 

Name  of  subject  , ' 

A  7  9 

Miss  B.  Hennessy 0.76  0.735        2.43 

Albert  Scheihle 1.2S  1.03  1.92        11.96 

o.H.Caldwell 0.80  0.58  0.39 

J.  R.  Cravath 1.34  1.30  1.76 

Walter  E.  Lent 1.39         0.99  0.69         0.93 

kson 1.17         1. 16         0.6S 

Church 0.6S 

A.  A.  Keene 2.06         2. 12 

F.J.  Pearson 3.09  2.59 

W.  R.  Bonham 1.12  1.13         0.94 

Dr.  Nelson  M.  Black — 

H.  D.  Butler 1.33  I.54 

*  LeM  than  10  readings  taken. 

No.  3.  Indirect  at  center  ;  desk  in  center. 

Test  No.  4.  Direct  in  corners;  ilesk 

Test  No.  7.  Direct  in  center;  desk  in  center. 

Test  No.  8.  Indirect  in  corn*  at  door. 

Test  No.  9.  Shaded  direct  light  ;  surroundings  dark. 
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extreme  conditions  are  not  likely  to  be  common  as  they  would  be 
costly  and  troublesome  to  produce  commercially.  On  account 
of  the  impossibility  of  properly  diffusing  the  light  to  secure  com- 
fortable illumination  on  the  work,  with  dark  surroundings,  under 
ordinary  conditions  of  use,  the  glare  from  the  work  practically 
more  than  contracts  any  gain  in  visual  acuity  in  having  sur- 
roundings dark. 

The  author  wishes  to  acknowledge  the  courtesy  of  the  National 
X-Ray  Reflector  Company,  for  whose  information  the  tests  men- 
tioned were  made,  for  permission  to  publish  the  results  of  the 
tests.  And  lastly  the  author  also  wishes  to  thank  those  who 
gave  their  valuable  time  and  assistance  in  acting  as  subjects. 

DISCUSSION. 

Mr.  P.  S.  Millar: — From  a  casual  reading  of  Mr.  Cravath's 
paper,  I  fell  into  some  confusion  regarding  first,  the  author's 
purpose  in  making  these  observations,  and,  second,  his  con- 
clusions as  drawn  from  the  observations.  In  view  of  the  fact 
that  some  early  work  of  my  own  is  quoted  at  length,  I  presumed 
that  Mr.  Cravath  aimed  to  study  the  effects  of  light  surroundings 
upon  the  intensity  requirements  for  reading.  In  fact  it  is  diffi- 
cult to  reach  any  other  conclusion  after  reading  the  first  seven 
pages  of  his  paper.  The  impression  that  the  investigation  has 
dealt  with  this  problem  would  appear  to  be  confirmed  by  the 
author's  conclusions  on  the  bottom  of  the  seventh  page. 

"These  tests  show  that  within  the  range  of  commercial 
practise    there    is    nothing   in   the   theory   that    the   eye 
requires  less  illumination  on  the  -work  amid  dark  sur- 
roundings or  with  dark  walls  than  amid  light  surround- 
ings  with   good   diffusion   of  light.      In   fact   quite  the 
reverse.'' 
The  only  evidence  which  I  can  find  in  the  paper  which  would 
seem  to  bear  out  this  conclusion  is  that  afforded  by  the  results 
of  test  9.     Since  this  test  was  made  under  very  extreme  con- 
ditions, and  is  not  comparable  with  any  of  the  other  tests,  it  is 
difficult  to  see  how  it  can  be  used  to  substantiate  such  a  con- 
clusion as  that  drawn.     Possibly  the  other  tests,  respectively  3 
and  7,  and  4  and  8,  which  are  supposed  to  be  comparable,  form 
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the  ba>is  of  the  author's  conclusion.     Before  i  saw  the  installa- 
tions subjected  to  test,  I  assumed  that  with  the  indirect  lighting 
system   the   walls   were   brighter    than    with   the   direct  lighting 
system.    Mr.  Cravath  accorded  me  the  privilege  of  looking 
his  test  conditions  and  I   was  rather  surp]  ience 

that  with  the  indirect  lighting' system  the  walls  were  not  invariably 
brighter  than  with  the  direct  lighting  system.  With  doubt  raised 
.ruing  this  point,  any  conclusions  from  the  tests  must  be 
subject  to  modification  in  so  far  as  they  are  intended  to  show  the 
effect  of  light  surroundings.  Incidentally,  it  would  appear  to  have 
been  obviously  desirable  to  determine  the  brightness  of  the 
surroundings  since  a  photometer  was  available  and  the  making  of 
the  measurements  would  have  been  a  simple  procedure.  It  is 
to  be  regretted  that  this  evidence,  of  first  importance  in  this 
connection,   was  not  included. 

But  even  if  the  tests  were  to  be  found  comparable,  and  the 
surroundings  were  to  be  found  so  much  brighter  with  the  in- 
direct lighting  system  as  to  permit  of  conclusions  on  this  point, 
the  experiments  would  still  fail  to  afford  evidence  for  the  reason 
that  the  experimenters  studied  a  paper  laid  flat  upon  a  table  top 
under  which  conditions  the  angle  of  view  embraced  very  little, 
if  any,  of  the  walls  of  the  room.  It  is  obviously  impossible  to 
study  the  effect  of  bright  walls  upon  the  eye  if  the  eye  is  care- 
fully shielded  from  the  walls.  I  want  to  go  on  record  as  saying 
that  after  a  careful  perusal  of  the  paper  and  an  examination 
of  the  test  conditions,  I  am  unable  to  admit  the  conclusion  re- 
garding the  effect  of  bright  surroundings  which  the  author  has 
set  forth  in  this  paper. 

In  the  remaining  portion  of  the  paper,  the  author  discusses 
the  effect  of  diffusion  upon  glare  from  a  calendared  paper.  While 
I  believe  that  Mr.  Cravath's  conclusions  would  have  been  of  more 
ntific  and  practical  value  if  the  commercial  element  had  been 
removed,  yet  I  feel  that  he  has  presented  a  casual  study,  on  a 
subject  of  great  importance  and  one  which  many  of  us  who  are 
not  practitioners  have  not  properly  appreciated. 

The  lesson  of  this  paper  as  I  understand  it  is  about  as  foil' 
"Where  the  illumination  is  intended  to  serve  purposes  similar  to 
reading,  it  is  important  to  secure  a  reasonable  dffusion  of  the 
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light,  either  by  properly  subdividing  the  light  sources  or  by  con- 
cealing them,  or  by  using  with  them  diffusing  glassware  of  some 
kind.  For  the  emphasis  placed  upon  this  point  by  the  paper,  I 
want  to  extend  thanks  to  the  author,  as  well  as  to  express  my 
appreciation  of  the  timeliness  and  importance  of  the  paper. 

Mr.  L.  B.  Marks: — It  seems  to  me  that  we  have  digressed 
somewhat  in  the  discussion.  The  paper,  as  I  understand  it,  does 
not  pretend  to  say  that  the  indirect  system  of  illumination  is  the 
best  system  of  lighting.  I  don't  believe  that  the  author  would 
claim  that,  for  a  good  many  conditions  in  practical  illumination, 
the  indirect  system  of  lighting  would  be  as  good  as  the  direct.  He 
has  simply  called  attention  to  a  series  of  tests  which  indicate 
certain  results  that  might  perhaps  be  considered  as  sequential 
rather  than  consequential. 

As  a  consulting  illuminating  engineer  who  is  interested  in  the 
design  of  lighting  installations  for  all  classes  of  work,  I  find 
valuable  information  in  the  data  which  have  been  laid  before  us 
in  this  paper ;  but  I  am  unable  from  the  data  taken  alone  to  come 
to  a  conclusion  as  to  the  main  point  raised  in  the  paper. 

Mr.  Cravath  with  his  usual  initiative  has  made  a  start,  in  an 
important  line  of  investigation,   which  should  be   followed  up. 

Now,  in  the  matter  of  premises,  the  author  has  laid  before  us 
a  number  of  variables,  many  of  which  do  not  appear  to  have 
been  considered  by  him  in  setting  forth  his  conclusions.  It  has 
occurred  to  me  that  possibly  the  difference  in  color  of  the  lamps, 
the  bringing  them  up  from  a  very  low  intensity  to  a  high  intens- 
ity by  rheostatic  control  during  these  tests,  might  have  a  potent 
influence  on  the  results.  The  difference  in  the  condition  of  the 
eyes  of  those  who  made  the  tests,  the  length  of  time  given  for  the 
adaptation  of  the  eye,  the  fact  that  comparative  tests  were  made 
on  different  days,  the  same  individuals  as  I  understand  it,  being 
subjected  to  a  portion  of  the  test  on  one  day  and  the  remainder 
of  the  same  test  on  another  day,  are  points  which  must  be  con- 
sidered. 

As  an  illustration  of  the  question  of  adaptation,  let  us  take 
the  case  of  a  man  who  goes  into  a  building  that  is  well  illumi- 
nated and  has  a  relatively  high  foot-candle  intensity,  say  5  foot- 
candles,  on  the  assumed  horizontal  plane,  2  feet  6  inches  above 
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the  floor;  now,  it  will  depend  entirely  upon  the  condition  of  the 
man's  eye  before  he  enters  the  building,  as  to  whether  he  would 
consider  that  illumination  sufficient  or  not.  Under  some  con- 
ditions even  after  a  period  of  rest  he  might  consider  the  in- 
v  too  high  and  under  others,  too  low ;  much  will  depend 
upon  where  he  has  been,  upon  his  physical  condition,  mental 
strain,  and  all  that  sort  of  thing;  so  that  these  comparative  figures 
are  dangerous  in  a  sense,  unless  one  recognizes  their  limitations. 
It  is  mv  purpose  in  discussing  this  matter  to  call  attention 
to  some  of  the  dangers  which  the  young  illuminating  engineer 
may  encounter  in  considering  a  paper  of  this  character.  lie 
should  not  be  misled  by  what  some  of  the  numerical  values 
therein  might  seem  to  indicate.  There  is  a  danger  in  making 
a  wrong  comparison  between  the  result  of  the  indirect  illumi- 
nation as  carried  out  in  this  test  and  the  result  of  the  illumi- 
nation by  direct  lighting  as  set  forth.  The  paper  is  not  specific 
enough  in  that  it  does  not  mention  that  the  indirect  lighting 
m  of  the  latest  form  is  compared  with  a  direct  lighting 
m  with  exposed  clear  glass  tungsten  lamps,  and  clear  glass 
reflectors.  These  facts  should  have  been  stated,  as  they  have 
a  most  important  bearing  on  the  question  of  diffusion  with 
direct  lighting  systems. 

I  was  very  forcibly  impressed  by  this  particular  point  because 
the  author  granted  me  the  opportunity  of  making  a  little  experi- 
ment in  the  very  room  in  which  these  tests  were  made.     Several 
vers    were  present   to   compare   the   effect   of   specular   re- 
flection with   the  equipment  described  in  the  paper,    (see  tests 
.}  and  test  4  on  the  twelfth  page  of  the  paper,  test  3  relating  to 
one  indirect  lighting  fixture  in  the  center  of  the  room  and  test 
Four  direct  lighting  fixtures  in  the  corners  of  the  room).  The 
I  think  all  agreed  that  when  the  lamp  equipment  was 
the  same  as  described  in   the  paper  and   referred   to  in   test   4, 
there   was   excessive  glare   from  the  calendared   surface  of   the 
r  observed.     Such  glare  would  naturally  be  expected  because 
-  linary  direct   reflection  of  light  from  the  bare  lamps.     To 
ome   this   objection,    the    natural    suggestion    would    be   to 
diffuse  the  light  of  the  units  in  the  corners  of  the  room ;  a  very 
simple  method  of  diffusion  would  be  to  simply  cover  the  reflector 


798      TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 

with  a  handkerchief  so  as  to  screen  the  effect  of  the  direct 
filament,  etc.  I  did  this  at  the  test.  We  had  3.6  foot-candles 
on  the  table  by  actual  measurement,  but  the  screening  obviated 
practically  all  the  glare.  The  lighting  effect  was  beautiful,  and 
each  of  the  gentlemen,  I  think  Mr.  Cravath  himself  included, 
noted  the  very  great  difference  between  the  results  in  the  in- 
stallation as  laid  out  and  the  results  with  the  changed  installa- 
tion, the  only  change  being  the  securing  of  more  diffusion, — the 
very  thing  that  the  author  pleads  for.  So,  I  say  it  would  have 
been  fortunate  had  he  gone  a  step  further  and  compared  the 
indirect  lighting  system  with  a  well  designed  direct  lighting 
system  in  which  there  was  suitable  diffusion.  Those  who  were 
with  us,  among  whom  were  Mr.  Preston  S.  Millar  and  Mr.  Ward 
Harrison,  can  also  speak  as  to  their  impressions. 

I  will  confine  my  further  remarks  to  one  point  which  I  think 
is  perhaps  of  as  great  importance  as  anything  that  has  been 
presented  in  this  paper,  and  that  is  that  the  results  set  forth  by 
the  author  point  out  conclusively  what  we  all  know  but  what  we 
don't  seem  to  lay  sufficient  stress  on,  namely,  that  tables  which 
set  forth  the  intensity  of  illumination  required  for  different 
classes  of  work  are  apt  to  fall  far  short  of  the  truth,  and  are 
apt  to  be  extremely  misleading,  unless  all  the  conditions  of  the 
lighting  installation  and  use  of  the  light  are  set  forth. 

Mr.  Norman  Macbeth: — There  is  just  one  point  which 
apparently  has  not  been  covered,  either  in  the  paper  or  in 
the  discussion.  I  understand  that  the  values  given  in  the  tables 
are  the  averages  of  ten  readings  by  each  observer.  What  was  the 
range  of  these  readings?  Were  there  any  high  readings  during 
the  test  for  the  "minimum  comfortable"  which  were  above  the 
minimum  values  shown  under  the  "considered  ample"  table.  It 
would  seem  to  me  that  a  subject  would  be  prone  to  settle  upon 
a  certain  intensity  and  endeavor  each  time  to  identify  that  in- 
tensity by  a  general  observation  rather  than  through  a  repetition 
of  the  mental  processes  used  in  making  the  first  determination. 
In  both  tests,  under  the  installation  conditions  designated  as  No. 
7.  Mr.  J.  B.  Jackson  settled  upon  0.68  foot-candles  for  the  "minr- 
mura  comfortable"  intensity  desired,  and  also  the  intensity  "con- 
sidered ample."     Mr.   O.   H.   Caldwell  and  Mr.   S.   E.   Church 
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exhibited  remarkable  associations  between  te~t  values  in  the 

-  for  each  equipment,  and  I  would  be  interested  to  study  the 
iation,  or  grouping,  of  the  observations  around  tl 
intensity  first  chosen  as  a  "minimum"  or  as  "comfortable." 
Mr.  ]'.  J.  Pearson: — Too  much  latitude  is  left  to  the   i 
nient  of  the  subject  as  to  just  what  illumination  constitutes  the 
quantity  of  light  assumed  to  be  ample  for  continuous  reading 

periods   of   time,    say   extending   over    several    hours.      To 

my  mind  this  calls  for  a  conclusion  for  which  a  subject,  who  is 

not  engaged  in  proof  reading  or  similar  work,  is  not  prepared 

nclusively  state  for  the  reason  that  no  man  is  able  unless 

engaged  in  such  work,  to  state  the  limit  of  endurance  of  his 

ight.     Let  a  man  lift  a  weight  a  dozen  times  and  then  ask 

him  how  many  pounds  he  could  lift  continuously  for  a  period  of 

al   hours — do  you  think  he  could   determine   such   weight 

without  previous  knowledge  of  what  his  muscular  endurance  was 

capable  of?     I  think  not. 

tin  it  appear?  to  me  that  each  subject  should  be  calibrated 

i  acuity  by  some  method  which  can  be  used  as  a  com- 

ensive  check  upon  any  abnormal  readings  which  may  result 

during  the   test.     Mr.    Sweet,    I   believe,    has   developed    such   a 

d  and  one  which  appears  to  me  as  one  of  especial  value; 

-"ine   consideration    should   be    given    to    subjects    wearing 

is  compared  with  those  not  wearing  them.     1  am  some- 

a  as  to  the  value  of  the  results  shown  in  the  tabulation 

of  tl  rests   shown  on  the  twelfth  page  of  the   paper.     For 

nee,  one  subjects  compares  very  closely  with  other 

■n  test  7  and  8,  but  varies  bv  several  hundred  per  cent. 

on  No.  9.     '  'ther  wide  variations  are  so  excessive  that  to  me 

there  ibility  of  the  present  important 

phenomena  in  these  results  as  given.     The  n  -  re  shown 

ling  interest  and  it  is  to  be  hoped  that  we  may  have 

tigation  in  this  direction. 

Mr.   A.   J.    Marshall: — I     think     the     value     of     any       test, 

concerning    the     question     of     direct,    indirect     or     semi-direct 

lighting,    resolves    itself     into     a     matter    of  what     we     might 

term     fatigue.       To     usher     a     person     into    a  room    such    as 

Used   in    Mr.    Cravath*s  tests,   which    to   my  mind  could  hardly 


SOO      TRANSACTIONS  OE  ILLUMINATING  ENGINEERING  SOCIETY 

be  taken  as  typical  of  average  spaces,  and  having  him 
make  a  snap  reading,  and  then  base  conclusions  on  such  results, 
is  hardly  representative.  I  believe  that  Mr.  Cravath  states  that 
the  time  consumed  in  making  the  test  was  probably  between  one 
and  two  hours.  I  accordingly  assume  that  during  this  time  the 
person  under  test  was  not  seated  in  one  position,  nor  was  he 
testing  only  one  lighting  condition,  but  during  that  time  he  was 
more  or  less  on  the  move,  and  was  called  upon  to  render  decision 
on  a  number  of  lighting  conditions,  which  in  reality  was  com- 
parable to  a  snap  judgment,  after  being  in  the  space  a  few 
moments. 

The  New  York  section  of  this  society  meets  in  a  room  that 
i?  indirectly  and  semi-indirectly  illuminated.  When,  perhaps, 
the  guests  first  arrive,  the  lighting  effect  is  bearable.  As  the 
evening  progresses,  even  with  interesting  papers,  it  has  been  my 
observation  that  there  is  a  decided  tendency  on  the  part  of  the 
people  to  wink  their  eyes  excessively,  also  to  rub  the  eyes  or, 
in  some  cases,  attempt  to  shade  the  eyes  by  hands  or  papers. 
Naturally  at  the  end  of  the  session  which  usually  lasts  about 
two  hours  the  eyes  of  those  in  attendance  are  quite  fatigued.  If 
we  would  conduct  experiments  at  the  beginning  of  the  meeting 
and  at  the  end,  very  widely  differing  results,  I  am  quite  sure, 
would  be  obtained.  My  idea,  therefore,  in  investigating  with  a 
view  of  determining  the  value  of  different  forms  of  lighting,  is 
to  proceed  on  a  fatigue  basis.  I  have  been  endeavoring  to  get 
together  a  test  along  these  lines,  and  hope  to  get  started  in  the 
early  future.  My  contemplated  method  will  be  to  take  two 
classes  of  school  children  (disinterested  parties)  and  make  vis- 
ualizing tests  at  the  beginning  of  the  school  day,  under  natural 
light,  when  the  vitality  of  the  children  is  high,  conducting  a 
similar  test  later  on  in  the  morning,  again  at  the  beginning  of 
the  afternoon  session,  and  another  test  about  the  end  of  the 
school  day,  constructing  from  such  tests  what  might  be  termed 
fatigue  curves.  Then  have  these  children  meet  in  the  same  room, 
at  the  same  time,  within  the  next  day  or  so,  and  after  all  natural 
light  has  been  excluded  from  the  room  conduct  test  with  indirect, 
semi-direct  lighting  effects.  The  results  obtained  from  these  two 
tests  will,  in  the  main,  be  comparable.     Then  take  a  school  class 
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which  meets  at  night,  attended  by  persons  who  have  used  their 
under  various  conditions  during-  the  day,  and  conduct  tests 
showing  the  effects  obtained  from  various  artificial  lighting  in- 
stallations. 

If  both  the  night  and  day  classes  should  be  composed  of 
persons  of  approximately  the  same  general  age,  it  is  probable 
that  interesting  figures  would  be  obtained,  showing  not  only  the 
effect  of  the  various  systems,  but  the  ability  of  the  individuals  to 
visualize  when  their  vitality  is  at  a  high  or  low  point.  Such 
tests  I  deem  very  much  more  representative  and  conclusive  than 
what  might  be  termed  "snap"  test. 

Mr.  Cravath  makes  a  statement  which,  if  taken  literally,  would 
perhaps  be  erroneous.  He  speaks  of  glare  being  a  matter  of 
contrast.  A  literal  interpretation  would  mean  that  if  glare  was 
everywhere  there  would  not  be  any  glare.  Such,  however,  is  not 
a  fact.  Glare  is  not  simply  a  matter  of  intensity  or  contrast, 
although  these  are  important  factors.  It  is  possible  to  have  a 
room  approximately  and  uniformly  illuminated,  even  to  a  com- 
paratively low  degree  of  intensity,  and  have  such  effect  give  rise 
to  glare. 

I  have,  on  several  occasions,  made  the  suggestion,  and  I  am 
rather  glad  to  say  that  those  who  perhaps  are  more  intimately 
associated  with  indirect  lighting  bear  me  out,  that  if  eye  shades 
or  eye  protectors  were  supplied,  indirect  lighting  would  be  a 
mighty  good  thing.  As  a  matter  of  fact,  I  know  several  instances 
where  people  who  were  endeavoring  to  work  under  indirect 
lighting  with  ill  results,  became  very  much  relieved  with  the 
i;se  of  eye  shields.  In  the  tests  that  were  made  by  Mr.  Cravath, 
it  will  be  noted  that  the  head  was  inclined  forward,  so  that  not 
only  the  eye  brows,  but  the  forehead  interfered  with  the  passage 
of  light  rays  and  the  eye  was  protected. 

f.  L.  Godinee: — It  is  a  pleasure  to  hear  a  paper  on  indirect 
lighting  which  makes  no  attempt  to  represent  this  system  as 
an  infallible  solution  for  all  lighting  ills. 

I  n fortunately  in  the  East,  indirect  lighting  has  not  rec< 
serious  consideration  by  other  than  those  directlv  or  indirectly 
interested  in  the  manufacture  and   distribution  of  its  appurte- 
nances or  its  publicity. 
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Unquestionably  its  promiscuous  applications,  in  other  sections 
of  the  country  have  been  due  to  the  radical  contrast  with  other 
more  conservative  methods  of  illumination,  which  it  affords, 
and  in  the  majority  of  instances  to  the  fact  that  the  public  has 
been  surfeited  with  a  tiresome  monotony  of  reflector  design 
which  has  served  to  render  any  innovation  worth  at  least  tem- 
porary recognition.  Perhaps  even  a  method  whereby  a  floor 
area  might  become  a  luminous  source  under  the  impetus  of  the 
present  day  commercial  methods  might  win  favor. 

On  the  ninth  page  of  the  paper  Mr.  Cravath  alludes  to  the 
higher  intensity  of  illumination  required  by  the  older  participants 
in  his  test,  which  is  of  unusual  interest  from  the  physiological 
viewpoint.  Accommodation  increases  the  refraction  of  the  media 
of  the  eye  and  adapts  them  to  near  objects  causing  thereby 
two  important  changes  in  the  crystalline  lens  as  follows :  first, 
the  anterior  surface  becomes  more  convex  and  approaches  the 
cornea;  and  second,  the  posterior  surface  becomes  slightly  more 
convex,  but  remains  equally  distant  from  the  cornea.  That  these 
changes  actually  occur  may  be  proven  by  a  very  simple  experi- 
ment. If  a  lighted  candle  is  held  at  one  side  of  the  eye,  SO'  as 
to  form  an  angle  of  30  degrees  with  its  visual  axis,  an  observer 
will  upon  looking  into  the  eye  from  a  corresponding  position 
on  the  other  side  see  three  images  of  the  flame :  the  first  straight, 
formed  by  the  cornea ;  the  second  larger  and  upright,  formed 
by  the  anterior  surface  of  the  lens,  and  the  third,  smaller  and 
inverted,  formed  by  the  posterior  surface  of  the  lens. 

This  is  significant  with  reference  to  the  present  discussion 
since  as  age  advances  the  elasticity  of  the  lens  diminishes  thus 
reducing  the  accommodation;  and,  the  near  point,  gradually  re- 
cedes. These  changes,  however,  commence  at  a  very  early  age, 
long  before  the  individual  has  come  to  maturity.  The  following 
table  indicates  the  amplitude  of  accommodations  at  different  ages. 

Amplitude  of  accommodation 
Years                                                                                         dioptres 
IO 14 

15 12 

20 I O 

30 7 

40 4-5 

50 2.5 

bo 1 .0 

75 0.0 
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Mr.  Crava^i  will  imd  these  values  proportional,  as  a  rule,  to 
the  illumination  intensity  variations  identified  with  the  age  in- 
crements of  his  subjects  of  the  present  t< 

Mr.  Cravath  has  stated  that  "The  subjects,  with  01  tion, 

were  men   interested   in   illumination,   and   wen  1   with   a 

view  of  ahsolute  freedom  from  any  prejudice  which  might  he 
evidenced  by  commercial  connection  with  any  system  of  light- 
ing." U  would  almost  seem  in  this  relation  that  the  selection  of 
suhjects  entirely  ignorant  of  all  matters  pertaining  to  the  tech- 
nique of  illumination  might  have  proven  advisable.  The  sub- 
conscious influence  of  the  predetermined  or  opinionated  pro- 
■nal  mind  is  rather  a  difficult  factor  to  cope  with,  and,  more- 
over while  consulting  engineers  are  properly  assumed  to  remain 
neutral  even  in  research  work  which  directly  concerns  their 
client-'  welfare,  for  that  very  reason  it  would  he  well  for  them 
ilahorate  with  practising  opthahnologists  when  dealing  with 
problems  involving  abstruse  physiological  phenomena. 

Evidently,  in  this  instance  Mr.  Cravath  has  practically  con- 
fined his  analysis  to  a  foot-candle  basis  of  appraisement  without 
attempting    to    thoroughly    investigate    the     p  .deal     and 

psychological  phenomena  involved. 

Indirect  lighting  is  assumed  to  approximate   closely,   natural 
daylight  conditions,  hut  evidently  this  i-  true  only  with  reference 
fleeted  (lux  from  the  plane  with  perhaps  the  sidewalks,  for 
whoever  beheld   with   natural    light  the   unbalanced   illumination 
:  of  an  interior  so  illuminated  that  the  ceiling  affords  one 
glar?J  if  high  intrinsic  brilliancy,  giving  stimuli  to  sections 

of  the   retina   which    for   centuries  have  been    unaccustomed   to 
:irectionally   such   excitation? 
Indirect  illumination  like  other  branches  of   the  art,   involves 
many  diver-    factor-  demanding  recognition.     It    i  I   that 

in   the  future  the-e  may    form   the   basis  of  extensive  and   im- 
partial research. 

Mr.   Albert  Schcible: — When    Mr.   Cravath   chose   me  as  one 

i-  he  very  courteously  did  it  -t    say   he  was  taking 

•n  account  of  my  a.cre.  although  later  on  he  called  attention  to 

it.        However,     a-     Mr.     Mar-hall     hinted.     -  the     dif- 

may  not   have  been   due  entirely  to  the  age.        In   my 
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case  the  readings  were  taken  on  the  afternoons  of  days  on  which 
I  had  been  using  my  eyes  very  strenuously,  and  I  would  not  con- 
sider them  anywhere  near  normal  on  either  occasion.  However,  I 
was  not  asked  regarding  that,  and  1  simply  went  ahead  and  gave 
them  the  readings  as  they  came  out.  I  did  observe,  however,  that 
ir  was  quite  difficult  to  judge  the  point  which  I  should  consider 
as  ample  illumination  or  as  bounteous  illumination,  and  I  question 
whether  it  is  fair  to  go  by  the  average  man's  judgment  on  that 
point.  Those  of  you  who  are  familiar  with  the  European  work 
may  remember  that  a  few  years  ago  Dr.  Graz,  of  St.  Petersburg, 
made  a  series  of  tests  in  which  he  tried  to  determine  how  much 
of  surplus  light  was  needed  for  continuous  work  without  causing 
fatigue ;  that  is,  determining  first  the  intensity  of  illumination 
needed  for  different  classes  of  work  in  order  to  clearly  distinguish 
the  work,  and  then  the  higher  intensity  needed  to  avoid  fatigue 
for  that  class  of  work.  His  conclusion  was  that  in  order  to  avoid 
fatigue  one  requires  twenty-five  times  the  minimum  under  which 
one  could  see  the  work  in  question.  Whether  that  reserve  factor 
of  twenty-four  is  correct  or  not  I  do  not  know,  but  it  seemed  to 
me  in  helping  in  these  tests  that  it  was  much  easier  to  determine 
the  point  at  which  we  reached  the  distinct  visualization  of  the 
type  than  it  was  to  determine  what  I  am  calling  ample  and  latter 
on  what  I  would  call  bountiful  illumination.  I  would,  therefore, 
like  to  suggest  a  further  possible  series  of  tests  for  Mr.Cravath 
or  some  one  else  following  up  the  Graz  line  of  work  so  as  to  see 
if  one  cannot  strike  a  basis  which  would  not  involve  such  an 
indefinite  factor  of  judgment. 

Mr.  Bassett  Jones,  Jr.  (Communicated)  : — Mr.  Cravath's  paper 
is  not  in  any  sense  an  argument  for  or  against  indirect  illumi- 
nation, but  is  rather  a  description  of  a  brief  research  into  the 
effect  of  glare.  Mr.  Cravath  says  that  "The  explanation  of  the 
results  obtained  from  these  tests  is  to  be  found  mainly  in  the 
matter  of  glare  from  the  paper  of  the  reading  page."  What 
should  be  sought  for  then  is  a  method  of  illumination  by  which 
such  g-lare  is  avoided  without  introducing  other  and  equally  seri- 
ous defects.  Mr.  Cravath's  argument  proves  nothing  as  to  the 
relative  merits  of  direct  and  indirect  illumination,  except  to  show 
that  indirect  lighting  of  the  character  he  describes  is  better  than 
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a  very  bad  system  of  direct  illumination.     To  light  used 

for  clerical  work  in  the  manner  illustrated  in  tests  numb 
7  and  9  is  barbarous  in  the  extreme  and  this  1-  not  mitigated  by 
the  fact  that  such  methods  of  illumination  are  frequently 
for  such  purp. 

It  is  unfortunate  that  there  was  nut  included  a  test  in  which 
the  conditions  were  localized  lighting  by  properly  designed  desk 
reflectors  and  light  surroundings,  and  a  case  in  which  the  con- 
ditions were  low  general  illumination  obtained  by  indirect  or 
semi-indirect  methods  with  properly  arranged  local  lighting  of 
higher  intensity.  If  such  tests  had  been  made  1  believe  that 
the  conclusions  reached  would  have  been  modified.  Compari 
should  not  be  drawn  between  an  archaic  method  of  lighting  such 
as  that  used  in  test  Xo.  9,  where  a  simple  drop  cord  was  used,  and 
the  carefully  designed  arrangement  used  in  test  Xo.  8. 
comparisons  can  prove  nothing  useful  and  may  be  very  mis- 
leading. 

The  lighting  of  rooms  such  as  banking  rooms  in  which  a  large 
amount  of  clerical  work  is  done  deserves  very  careful  study. 
The  conditions  vary  widely  with  the  room  and  cannot  be  met  by 
generalized  methods.  It  is  not  always  wise  to  use  only  indirect 
illumination;  indeed  I  doubt  if  it  is  ever  wise.  Nor  is  it  always 
wise  to  use  direct  methods.  A  combination  of  the  two  methods 
in  which  the  proportion  of  direct  or  indirect  varies  with  the  0  >n- 
ditions  has  solved  many  problems,  and  I  believe  will  in  time  be- 
come the  accepted  method  of  meeting  such  problems. 

An  illustration  may  be  drawn  from  a  case  that  recently  came 
under  the  writer's  notice.  In  one  of  the  large  banks  in  Xew 
York  a  room,  poorly  provided  with  natural  light,  is  used  for 
close  clerical  work  where  trial  balances  are,  as  usual,  made  with 
tine  hard  pencils  so  that  the  footing-  when  checked  may  be  filled 
in  in  ink.  The  clerks  sit  at  high  desks  against  the  four  walls, 
the  center  of  the  room  being,  occupied  by  large  tables  on  which  the 
rs  are  piled  and  sorted.  Ordinary  fixture-  with  prismatic 
reflectors  were  used  in  the  center  of  the  room,  and  drop  cords 
equipped  with  metal  cone  reflectors  were  used  to  light  the  clerks' 
desk«.  one  to  each  clerk.  The  ceiling  of  the  room  was  white,  more 
or  less  toned  down  by  dirt.  The  walls  were  light  buff.  The 
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furniture  was  oak  with  a  dead  finish.  In  order  to  avoid  the  glare 
of  which  Mr.  Cravath  speaks  the  clerks  had  generally  provided 
paper  curtains  and  paper  bottoms  for  their  drop  light  shades. 
It  was  assumed  therefore  that  the  entire  method  of  lighting  was 
wrong,  and  instead  of  trying  to  improve  the  existing  method 
by  changing  the  details  of  the  equipment,  the  authorities  installed 
a  system  of  indirect  lighting  differing  in  some  of  its  details 
from  that  described  by  Mr.  Cravath.  The  old  drop  cords  were 
left,  however,  but  the  clerks  were  instructed  not  to  use  them. 
This  was  the  condition  of  affairs  when  the  writer  was  asked 
to  look  things  over. 

On  entering  the  room  the  writer  noticed  that  many  of  the 
clerks  hurriedly  reached  to  the  old  drop  cord  fixtures  which  had 
been  set  with  the  aperture  of  the  cone  resting  on  a  shelf  over 
the  book  racks  at  the  back  of  the  desks.  When  the  clerks  under- 
stood that  the  writer  was  not  there  to  spy  on  them,  they  told  him 
that  it  was  not  possible  for  them  to  see  their  pencil  footings  un- 
less they  got  some  direct  light  on  their  books  from  the  drop  cords, 
to  do  which  they  turned  on  these  lights  and  surreptitiously  slid 
them  over  the  shelf  until  a  portion  of  the  aperture  was  exposed. 
Yet  the  room  was  quite  brightly  lighted.  They  complained  of 
the  lack  of  decisive  shadows  which  under  the  old  conditions, 
enabled  them  to  properly  locate  the  pencil  point  by  the  converg- 
ing lines  of  the  lead  itself  and  its  shadow. 

The  writer  recommended  a  method  of  meeting  these  conditions 
that  he  has  used  with  success  in  similar  cases,  namely,  to  provide 
a  low  general  semi-indirect  illumination,  just  enough  to  prevent 
excessive  contrast  and  to  provide  enough  diffuse  light  so  that  the 
ledgers  on  the  center  table  need  not  be  turned  upon  edge  to 
read  their  titles,  and  a  properly  designed  trough  reflector  unit 
supported  from  the  desk  shelf  so  arranged  that  no  direct  light 
from  the  reflector  or  light  directly  reflected  from  the  desk  sur- 
face, or  from  papers  laid  upon  it,  could  reach  the  eye. 

By  thus  reducing  the  general  illumination  over  large  areas,  and 
properly  increasing  the  illumination  over  small  areas  where  high- 
er intensities  are  needed,  the  total  flux  required  will  be  a  mini- 
mum. Glare  is  avoided  by  proper  reflector  designs,  and  the  neces- 
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shadows,  wliich  are  guides  to  the  eye,  arc  \  and 

made  luminous  by  the  general  diffuse  light. 

This  matter  oi  the  proper  proportion  of  diffuse  to  directed  light 
primary  importance.     Mr.  Cravath  speaks  of  the  importance 
vi  diffuse  light  similar  in  character  to  daylight,  but  as  Dr. 
will  -how  yon  in  his  interesting  paper,  daylight  is  not  difl 

In  fact  its  characteristic  curve  closely  resemble-  that  of  a  focus- 

•    Rector.     It  is  sharply  directed,  the  diffusion  being  but  a 

small  proportion  of  the  whole.     And  this  directed  daylight  is  -till 

emphasized  in  the  case  of  interiors  lighted  by  windows. 

even  takes  pains  to  arrange  his  furniture  and  desks  with  re- 

:  to  the  direction  from  which  the  light  comes.     If  then  one 

work   under   the  same  conditions   by   artificial   light   as   he 

by  daylight  he  should  have   surface  sources  arranged   as 

nearly  as  possible  in  the  position  of  the  window 

Mr.  J.  R.  Cravath   (in  reply): — A  previ  -aid 

in  effect  that  the  values  in  this  paper  are  only  generally  in 

and  that  they  do  not  settle  many  of  the  finer  points.     I   fully 
with  him  on  that.     The  whole  general  scheme  of  the 
Ji.   yet     the    variations     that     were    found    during   the 
.ere  considerably  less  than  one  would  anticipate  in  a  test  of 
that  kind. 

Mr.  Sweet's  chief  fault  found  with  the  conclu  and  that 

is  true  of  several  of  the  other  speaker-  who  followed  him  I  ^cems 
■  that   T  did   not  separate  the   factor  of   dark   surroundings 
from  the   factor  of  unidirectional   light.     I  am  perfectly  willing 
Imit  that  it  would  be  desirable  to  sepai  and 

e   of   the   other   variable-    that   come    in,    but    what    all 
■itlemen   seemed  to  have  '  t  of  is   the    fad    that 

diffusion  and  dark  surrounding-  don'l  ially 

and  never  under  any  of  our  ordinary  arr  v,   if 

one  is  bound  to  have  poor  diffusion  with  dark  surroundii 
not  particularly  interested,  as  a  commercial  engineering  propo- 
sition, in  what  might  happen  if  there    was  good    diffusion   with 
dark  surroundings.     That  information  would  neverthel 
academic  interest  and  probably  of  future  practical  value.  In 

not  care  so  much  how  or  of  whal  the 

total  result  is  made  up,  as  what  the  total  is.  *  >ne  find-  in 
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of  extremely  diffuse  conditions  of  lighting  that  one  set  of  results 
was  obtained  and  in  another  case,  under  an  extremely  unidirec- 
tional system  of  lighting,  another  set  of  results  which  varied  de- 
cisively from  the  first  was  obtained.  There  is  only  one  con- 
clusion to  draw.  As  to  the  intermediate  conditions  the  results 
are  as  I  have  already  said,  indecisive,  but  nevertheless  valuable 
as  indicating  that  indirect  lighting  requires  no  higher  illumina- 
tion for  satisfactory  work  than  does  direct. 

Mr.  Marshall  brought  up  the  point  that  fatigue  is  probably  an 
element  that  we  ought  to  reckon  with  and  I  fully  agree  with  him 
on  that :  in  fact,  I  was  looking  for  it  to  some  extent  during  those 
tests;  that  is,  I  anticipated  that  possibly  a  subject  when  starting 
on  a  test  fresh  would  require  a  different  degree  of  illumination 
from  what  he  would  at  the  close.  Sitting,  under  test,  from  an 
hour  and  a  half  or  two  hours  a  man  was  naturally  looking  at 
the  paper  intently  a  part  of  the  time  and  I  anticipated  a  certain 
amount  of  fatigue.  However,  I  was  unable  from  the  results  to 
draw  any  conclusion  from  that  one  way  or  the  other.  Some 
subjects  apparently  required  more  illumination  as  they  continued 
under  the  test ;  while  others  required  a  little  less.  I  think  it 
would  interest  members  to  know  the  methods  that  Mr.  Marshall 
proposes  to  use  on  his  acuity  tests  with  school  children  and  I 
hope  he  will  communicate  them  to  us  in  due  time. 

Another  statement  made  by  Mr.  Marshall  as  I  understand  it, 
is  that  the  glare  effect  depends  on  the  area,  from  which  the 
light  comes.  We  must  assume  an  equal  foot-candle  intensity 
entering  the  eye  in  two  given  cases,  in  order  to  make  the  com- 
parison. Xow,  according  to  Air.  Marshall's  line  of  reasoning  a 
certain  number  of  foot-candles  delivered  from;  one  square  foot 
of  illuminated  surface  would  cause  less  annoyance  than  the  same 
number  of  foot-candles  delivered  from  say  a  hundred  square 
feet,  which  is  preposterous  on  the  face  of  it. 

Mr.  A.  J.  Marshall: — Just  the  reverse,  Mr.  Cravath. 

Mr.  J.  R.  Cravath : — You  meant  to  say  that  the  glare  is 
reduced  the  larger  the  area  the  illumination  is  received  from?- 

Mr.  A.  J.  Marshall: — No. 


Mr.  J.  R.  Cravath: — Then  my  first  line  of  reasoning  stands. 


■ 
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Dr.  Cobb  gave  a  very  simple  illustration  in  his  Baltimore 
lecture1  as  to  the  relative  effects  of  equal  flux  of  light  received 
from  large  surfaces  as  compared  with  small  surfaces.  In  fact,  In, 
connection  with  this  matter  of  the  size  of  surfaces  from  which 
light  is  received  I  have  been  considerably  amused,  gentlemen, 
with  the  turn  discussions  have  taken  recently  when  the  question 
of  direct  and  indirect  lighting  has  come  up.  Members  of  the 
Illuminating  Engineering  Society  have  all  been  agreed  ever  since 
this  society  started  that  bare  light  sources  right  in  the  field  of 
vision  area  bad  thing  and  that  we  should  make  an  effort  to  increase 
the  area  from  which  we  are  receiving  our  light  by  the  use  of 
diffusing  glass.  Things  went  very  well  until  finally  some  of  us 
said  let  us  go  a  step  further.  Instead  of  putting  diffusing  globes 
an<l  lanterns  and  things  of  that  kind  over  a  source  of  light  let 
nd  the  light  up  to  some  diffusing  surface  and  get  it  back 
again  by  reflection.  As  soon  as  we  got  to  that  point  a  number  of 
gentlemen  immediately  apparently  changed  their  ideas  as  to  what 
i  the  desirable  end  to  attain.  That  includes  my  good  friend  Mr. 
Mirk-.  Mr.  Marks  is  as  much  a  stickler  for  the  absence  of  glare 
within  the  range  of  vision  and  the  shielding  of  bare  light  sources, 
and  that  kind  of  thing,  as  I  am,  but  he  simply  stops  a  little 
ler  than  T  do  in  applying  the  logical  remedy. 

I  can  not  take  seriously  Mr.  Marshall's  statement  about  the  eye 
shad<  irv   when  light  is  received  indirectly  from  ceiling 

with  the  indirect  system.     That  statement  is  too  obviously 
humorous. 

Mr.  Scheible  questions  the  average  man*-  constancy  of  judg- 
ment a-  t'-  the  amount  "t"  illumination  required  for  a  given  piece 
ork,  and  probably  he  i-  right.     The  public  is  the  court  of 
rt,  and  it  is  well  for  us  t<>  find  out  what  the  different 
meml  he  public  really  require  or  think  they  require,  be- 

ire  the  ones  who  must  be-  suited. 
Mr.  Macbeth  asks  as  to  the  percentage  of  the  variation  above 
and  below  average  in  the  illumination  required  by  the  different 
subjects.    '  »n  looking  up  those  figures  I  find  that  most  readings 
within  twenty-five  per  cent.     A   very  few  of  them  were  in 

'Lectures  on   Illuminating   Engineering   (Johns  H 
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excess  of  thirty  per  cent,  variation  from  the  average.  Most  of 
the  subjects  seemed  to  have  a  fairly  definite  idea  of  what  they 
wanted  as  to  quantity.  I  was  surprised  at  the  uniformity.  I 
had  no  idea  they  would  come  so  close. 

Mr.  Godinez  refers  to  the  high  intrinsic  brilliancy  of  ceilings 
with  the  indirect  lighting.  In  exact  statements  of  that  kind  made 
carelessly  in  our  proceedings  tend  to  lower  the  general  standing 
of  the  society.  If  we  don't  get  the  respect  we  ought  to  outside  it 
is  partly  because  of  such  careless  statements  appearing.  With  an 
equal  number  of  foot-candles  on  the  working  plane,  the  larger 
area  of  the  light  sources  the  less  the  intrinsic  brilliancy.  Now, 
the  intrinsic  brilliancy  in  candle-power  per  square  inch  of  a  ceil- 
ing with  indirect  lighting  is  probably  not  over  a  thousandth  of 
what  it  would  be  with  any  ordinary  direct  lighting  system.  Now, 
when  one  calls  a  ceiling  under  those  conditions  a  ceiling  with 
"high  intrinsic  brilliancy"  I  maintain  that  it  is  an  absolutely  ab- 
surd statement. 

Mr.  Marks  remarked  on  the  color  differences  perhaps  making 
a  difference  in  my  tests,  and  I  have  felt  all  along  that  perhaps 
that  might  have  some  influence.  I  tried  roughly  to  eliminate  that 
factor  as  far  as  possible  and  to  have  the  color  as  nearly  the 
same  as  possible  with  the  different  tests.  However,  it  may  have 
had  some  influence.  The  indirect  light  was  more  yellow  than 
the  direct  light.  Mr.  Marks  described  the  little  test  that  we 
made  the  other  day  by  reducing  the  glare  from  the  work  by 
simply  hanging  some  handkerchiefs  over  the  direct  lighting- 
units,  thus  cutting  down  materially  the  percentage  of  direct  light. 
I  was  very  glad  he  mentioned  that.  He  failed  to  mention,  however, 
the  loss  in  efficiency  which  occurred  by  that  change.  In  fact,  the 
loss  of  efficiency  he  brought  about  by  that  simple  procedure 
brought  the  efficiency  of  the  direct  lighting  system  far  be- 
low what  the  indirect  would  have  been.  While  I  agree  with 
him  it  is  perfectly  possible  to  produce  good  diffusion  in  the  way 
he  did,  it  is  more  economical  to  do  it  the  other  way  and  get  the 
light  by  reflection  from  the  ceiling. 

Mr.  Marks  in   his  Baltimore  lecture1  last  year  commented  on 
some  things  which  illustrate  the  point  I  am  trying  to  bring  out 

i  Lectures  on  Illuminating  Engineering  (Johns  Hopkins  Univ.  Press)  vol  2. 
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iii  this  paper.  1  refer  to  his  remarks  on  the  South  Shore  Country 
Club  ball  room  here  which  has  an  installation  of  indirect  lighting 

with  red  walls,  and  light  ceilings.  Mr.  Marks  visited  that  in- 
stallation uiie  evening  when  the  floor  covering  was  dark.  It  is 
ordinarily  used  as  a  ball  room  and  has  light  colored  floor,  but 
when  it  is  used  for  an  assembly  room  they  put  a  dark  canvas 
ring  on  the  floor.  The  results  in  that  room  when  the  dark 
covering  is  on  with  the  dark  walls  is  a  striking  illustration 
of  the  necessity  for  diffusion — the  very  thing  I  am  trying  to  bring 
out  in  my  paper.  The  vertical  illumination  is  so  low — because  of 
dark  walls  and  floor — under  the  conditions  under  which  Mr. 
Marks  saw  it  that  the  faces  of  the  people  that  are  in  the  room 
appear  relatively  dark.  It  is  comfortable  illumination  but  it  is 
not  sufficiently  diffuse  for  illuminating  the  faces  of  persons  in 
in  the  room  perfectly.  The  difficulty  is  entirely  done  away  with 
as  soon  as  the  dark  floor  covering  is  removed.  It  simply  proves 
my  point  of  the  necessity  for  diffusion.  If  that  room  had  light 
d  walls  there  would  be  no  trouble  about  diffusion  under  any 
r  conditions. 

Mr.  Millar  is  quite  right  when  he  says  I  changed*  my  mind 
after  1  got  part  way  through  with  my  series  of  tests,  as  to  what 
were  the  relatively  important  things  to  look  for.  I  started  out 
with  the  idea  that  light  or  dark  surroundings  would  have  a  big 
influence  on  the  amount  of  light  required.  Mr.  Millar's  tests 
pointed  that  way;  in  fact,  they  conclusively  proved  it  to  my 
mind  as  far  as  the  conditions  were  concerned.  When  nearly 
through  the  tests  I  saw  that  the  effect  of  undirectional  light  was 
so  much  greater  than  the  effect  of  the  surroundings  that  diffusion 
was  the  main  thing  to  consider  under  commercial  conditions.  But 
Mr.  Millar  apparently  loses  sight  of  the  fact  that  diffusion  and 
dark  surroundings  don't  go  together. 

Mr.  Jones  gives  an  interesting  account  of  in  New  York 

where  direct  and  indirect  was  tried  in  an  accounting  room,  but 
since  he  gives  no  figures  on  foot-candle  values  on  the  working 
plane  under  the  different  conditions,  his  discussion  is  absolutely 
of   no   value.      It    would    seem    to   me   quite   p  from   the 

mtion  which  he  gives  that  the  clerks  were  actually  working 
in  their  own  shadows  with  the  indirect  light  and  didn't  know  it. 
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Now,  with  direct  light  there  are  shadows,  (many  previous  state- 
ments to  the  contrary  notwithstanding)  and  they  are  very  much 
like  daylight  shadows ;  they  merge  gradually  from  the  middle 
out  to  the  edges.  With  such  a  very  gradual  transition  in  illumi- 
nation from  the  centre  to  the  edge  of  the  shadow  it  is  quite 
possible  under  the  indirect  system  that  the  illumination 
i:>  not  quite  sufficient  in  the  shadow,  yet  the  worker  does 
not  realize  it.  One  may  not  realize  that  there  is  any  shadow  there. 
It  was  quite  evident  in  this  case  that  the  illumination  was  insuffi- 
cient in  quantity  because  Mr.  Jones  states  they  could  not  see  the 
pencil  marks,  and  could  not  see  to  work  because  they  did  not 
have  the  shadow  of  the  pencil.  It  is  quite  evident  they  didn't 
recognize  any  shadow,  and  yet  with  the  indirect  light  in  the 
center  and  the  clerks  working  around  the  sides,  in  that  case  they 
were  undoubtedly  working  in  their  own  light.  In  such  cases 
there  should  be  sufficient  illumination  provided  under  any  kind 
of  system  so  that  they  would  get  enough  illumination  in  the 
most  dense  part  of  the  shadow. 

I  am  very  glad  that  most  of  the  previous  speakers  agree  on 
one  thing  that  I  have  directed  more  attention  to  the  importance  of 
diffusion.  I  have  always  had  an  idea  that  it  was  important  but 
I  never  had  an  idea  it  was  so  important  until  I  began  to  conduct 
these  tests.  I  think  if  you  gentlemen  will  study  it  more  you 
will  see  it  is  a  much  bigger  element  than  you  have  heretofore 
considered  it  to  be  in  satisfactory  lighting.  There  is  nothing 
more  comfortable  to  read  with  than  daylight  out  in  the  open  on 
a  very  cloudy  day.  If  you  have  never  tried  it  go  out  and  in- 
vestigate it  some  time.  With  rather  heavy  clouds  the  diffusion 
is  very  perfect.  It  is  the  most  comfortable  light  that  I  have 
ever  found  for  reading  on  a  glazed  paper. 

Mr.  Bassctt  Jones,  Jr.  (Communicated)  : — In  reply  to  Mr. 
Cravath's  remarks  regarding  my  contribution  to  the  discussion, 
I  can  only  advance  the  thesis  that  the  eye  and  not  the  photometer 
is  the  only  and  proper  judge  of  the  correctness  of  illumination. 
By  correctness  I  do  not  mean  close  correspondence  with  any 
preconceived  or  calculated  values  of  intensity,  but  that  the  system 
as  laid  out  does  in  a  measure  meet  the  demands  of  the  eye  and 
is  an  agent   whereby  the  eye  is  enabled    to    properlv    fulfill  its 
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functions.  All  illuminating  schemes  must  therefore  be  developed 
experimentally.  The  only  value  of  a  knowledge  of  foot-candle 
intensities  is  to  enable  one  to  duplicate  such  successful  arrange- 
ments and  to  enable  one  to  in  a  measure  remove  the  experimental 
factors. 

If  a  scheme  of  illumination  is  wrong,  in  this  sense,  then  read- 
ings of  foot-candle  intensities  are  generally  useless  and  the  time 
required  to  take  them  wasted. 

In  the  case  cited  in  my  discussion  the  illumination  being 
obviously  wrong,  and  the  light  improperly  distributed,  the  most 
obvious  step  was  to  correct  it.  Then,  having  corrected  it,  read- 
ings made  under  the  revised  conditions  might  be  of  value  for 
future  use  should  a  new  problem  arise  in  which  the  conditions 
reasonably  approached  the  same  working  conditions.  It  is  rarely 
that  two  problems  of  this  kind  bear  much  similarity  to  one 
another. 

Of  course  I  do  not  decry  the  gathering  of  such  data  as  Mr. 
Cravath  mentions  when  time  is  available.  But  I  do  insist  that 
too  much  so-called  illuminating  engineering  is  done  in  just  this 
way,  by  trying  to  standardize  intensities  when,  as  a  matter  of  fact 
any  such  standardization  is  offset  by  the  multitude  of  variables 
that  enter  into  the  problems.  The  sum  total  of  the  effect  of  these 
\ariables  is  generally  greater  than  the  effect  of  the  one  or  two 
con-tant  factors. 

To  revert  to  the  problem  cited,  it  is  only  necessary  to  say  that 

the  clerks  were  not  working  in  their  own  shadows.     As  a  matter 

of   fact  the  intensities  in   various  directions    on    "the    working 

were,  so  far  as  the  eye  could  detect,  equally  balanced. 

Furthermore  the  complaint  was  not  with  regard  to  the  quantity 

:ht.  which,  acrain  so  far  as  the  eye  could  judge,  was  ample. 

Rut  in  order  to  produce  this  result  as  to  quantity  too  much 
flux  was  wasted  lighting  dirty  ceilings  and  dirty  walls. 
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THE  ANALYSIS  OF  PERFORMANCE  AND  COST  DATA 
IN    ILLUMINATING    ENGINEERING.1 


BY  WARD  HARRISON  AND  H.  H.  MAGDSICK. 


This  paper  is  presented  with  the  hope  that  it  may  aid  the  man 
interested  directly  in  the  application  of  light  sources  in  making 
a  thorough  and  logical  analysis  of  the  performance  of  available 
units,  and  further  that  it  may  lead  to  the  publication  of  a  large 
amount  of  reliable  data,  which  is  necessary  for  such  analysis. 

The  papers  that  have  been  presented  before  the  society  dur- 
ing the  past  few  years  may,  in  general,  be  divided  into  three 
classes.  The  first  includes  those  dealing  with  the  basic  princi- 
ples of  illumination,  photometry  and  the  allied  branches  of 
science,  and  the  theoretical  considerations  involved.  The  second 
group  takes  up  the  manufacture  of  various  illuminants  and  a  de- 
scription of  their  mechanical  details  and  operation.  The  third 
group  deals  mainly  with  a  description  of  installations  and  with 
reports  on  illumination  tests.  Between  the  second  and  third 
groups  there  remains  a  field  which,  although  it  is  perhaps  of  the 
greatest. interest  to  the  man  engaged  in  the  practise  of  illuminat- 
ing engineering,  has  scarcely  been  touched  upon  in  the  papers 
presented ;  that  is,  a  study  of  commercial  light  sources  as  such. 

The  conditions  which  must  be  met  in  order  to  obtain  satis- 
factory lighting  are  relatively  well  understood,  but  there  are  few 
men  who  have  more  than  a  very  general  knowledge  of  the  actual 
service  performance  and  operating  cost  of  the  units  at  their 
disposal.  Much  data  is  available  from  which  the  illuminating 
engineer  may  determine  with  a  considerable  degree  of  accuracy 
what  initial  intensity  he  will  obtain  from  a  given  installation,  but 
to  calculate  the  initial  illumination  to  a  high  degree  of  accuracy 
when  the  average  performance  in  service  is  oftentimes  not  known 
within  twenty-five  to  fifty  per  cent.,  seems  an  unnecessary  refine- 
ment ;  and  only  too  frequently  no  allowance  is  made  for  such 
depreciation  when  an  installation  is  planned. 

1  A  paper  read  at  the  fifth  annual  convention  of  the  Illuminating  Engineering 
Society,  Chicago,  September  25,  26,  27  and  28,  191 1. 
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The  small  manufacturer  or  business  man  is  not  warranted 
in  assuming  the  expense  of  extensive  tests  which  would  satisfy 
him  as  to  the  relative  merits  of  two  illuminants,  but  at  this  time 
there  seems  to  be  no  other  way  in  which  he  may  obtain  informa- 
tion of  the  reliability  of  which  he  has  any  assurance.  The  mass 
of  conflicting  data  furnished  by  the  manufacturers  of  the  var- 
ious lighting  units  naturally  arouses  in  him  a  certain  suspicion 
of  all  such  information.  Several  large  corporations  have  under- 
taken elaborate  investigations  of  the  comparative  merits  of 
different  light  sources  for  their  particular  classes  of  work.  Any- 
one who  has  attempted  to  go  into  this  subject  thoroughly  rea- 
lize- what  a  mass  of  evidence  must  be  secured  and  how  much 
money  must  be  expended  to  obtain  even  a  small  amount  of  con- 
clude 1  lata.  It  is  not  surprising,  then,  that  some  of  these  tests 
have  not  lead  to  satisfactory  results.  In  any  case,  if  each  manu- 
facturer or  each  corporation  is  compelled  to  undertake  its  own 
investigation,  there  results  a  useless  duplication  of  material, 
which  is  extremely  wasteful. 

If  this  data  could  in  some  manner  be  brought  together,  tabu- 
lated in  systematic  form  and  subjected  to  the  criticism  of  engi- 
neers capable  to  pass  upon  its  worth,  it  would  be  of  inestimable 
value  to  illuminating  engineers.  This  is  a  matter  of  vital  in- 
terest to  a  majority  of  the  members  of  the  society  and  it  seems 
highly  desirable  that  papers  upon  this  branch  of  the  subject 
should  more  frequently  find  a  place  in  the  Transactions.  The 
authors  realize  that  it  is  no  small  task  to  bring  together  the  data 
now  available  and  that  it  is  difficult  to  set  up  equitable  standards 
of  comparison;  however,  through  cooperation  among  the  mem- 
bers, the  material  could  in  due  time  be  put  into  useful  form.     If 

lanufacturers  of  the  various  commercial  illuminants  were 
invited  to  prepare  papers  on  their  respective  products,  contribut- 
ing complete  performance  and  cost  data,  this  material  would 
doubtless  be  augmented  by  the  experience  of  illuminating  en- 
gineers and  consumers  and  a  fund  of  information  would  be 
provided  upon  which  a  man  engaged  in  the  practise  of  illuminat- 

ngineering  might  draw  with  a  feeling  of  security — data 
which  would  bear  the  stamp  of  impartiality  and  reliability  as 
engineering  information   rather  than  advertising  material. 

v  seem  to  realize  the  importance  of  including  in  an  analysis 
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all  factors  which  determine  the  relative  value  of  illuminants;  at 
any  rate,  one  seldom  finds  a  comparison  which  is  thorough  and 
complete;  and  this  is  true  in  spite  of  the  fact  that  the  considera- 
tions involved  are  of  an  elementary  nature.  Doubtless  some  of 
them  are  difficult  of  exact  statement ;  nevertheless  they  require 
careful  attention.  Certain  of  these  considerations  the  authors  re- 
gard as  essential  in  forming  a  satisfactory  judgment  of  the  value 
of  lighting  units,  and,  while  they  may  not  be  entirely  compre- 
hensive, they  have  been  found  of  great  assistance  in  work  of  this 
character.  The  more  important  items  may  be  grouped  under 
two  heads ;  first,  illuminating  power,  and  second,  cost. 

In  determining  illuminating  power  it  is  important  to  con- 
sider the  total  flux  from  the  unit,  both  the  initial  and  the  aver- 
age, during  the  life  of  the  renewal  parts  in  the  laboratory  and 
under  service  conditions;  the  utilization  of  this  flux  as  deter- 
mined by  the  size  of  the  unit,  the  distribution  secured  and  gen- 
eral adaptability  to  the  given  conditions;  also,  the  quality  of  the 
light,  its  steadiness,  and  diffusion. 

The  mean  spherical  candle-power  or  total  light  flux  is,  of 
course,  the  fundamental  basis  of  comparison,  and  this  should  be 
obtained  for  each  lamp  with  the  various  types  of  standard  equip- 
ment. The  initial  flux  and  the  average  during  the  life  of  the 
renewal  element  relate,  as  a  rule,  to  laboratory  performance. 
All  illuminants  show  an  inherent  candle-power  depreciation 
under  the  best  conditions.  In  service,  the  performance  of 
the  unit  is  further  impaired  by  variables  which  can  be  con- 
trolled in  the  laboratory  but  not  under  practical  operating  con- 
ditions. The  subject  of  average  intensities  was  discussed  in  a 
recent  paper  by  Mr.  S.  W.  Ashe.1  The  question  of  the  effect 
of  dust  and  dirt,  which  sometimes  cause  a  large  part  of  the  ser- 
vice depreciation,  has  never  been  given  the  attention  it  deserves. 
There  is  an  opportunity  for  valuable  work  in  determining  the 
shape  of  the  depreciation  curve  and  the  intervals  at  which  light- 
ing units  should  be  cleaned  to  secure  the  highest  economy. 

The  utilization  factor,  or  the  ratio  of  useful  flux  to  total  flux, 
has  been  determined  for  certain  conditions  in  the  case  of  some 
illuminants.  As  a  rule,  however,  the  mean  intensity  of  the 
units,  the  type  of  reflectors  available  and  the  distribution  which 

1  Trans.  IUg.  Eng.  Soc,  vol.  6,  p.  496. 
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may  be  obtained,  the  possible  spacings  and  heights  of  suspension, 
and  uniformity  of  illumination  must  be  considered  in  each  indi- 
vidual case. 

Up  to  this  point  the  value  of  a  unit  may  be  closely  approxi- 
mated. While  it  is  desirable  to  establish  these  standards  of 
measurement,  it  should  be  remembered  that  they  do  not  form 
the  only  criteria :  the  determining  factor  may  be  one  of  several 
additional  considerations,  the  effect  of  which  can  not  be 
stated  in  exact  terms.  It  is  not  enough,  for  example,  to  take  into 
account  merely  the  average  intensity  of  a  fluctuating  light  source. 
On  the  other  hand,  diffusion  or  glare  may  decide  the  value  of 
the  unit,  depending  upon  the  class  of  work  to  which  it  is  ap- 
plied. What  weight  should  be  given  these  matters  may  well  be 
left  in  each  case  to  the  judgment  of  the  illuminating  engineer. 

The  discrepancies  which  are  so  common  in  cost  data  may  be 
largely  eliminated  by  a  careful  analysis.  In  determining  the 
total  operating  cost  of  any  system  of  lighting,  three  items  should 
be  considered : 

(a)  Fixed  charges,  which  include  interest  on  the  investment, 
insurance  and  taxes,  depreciation  of  permanent  parts,  regular 
attendance,  and  other  expenses  which  are  independent  of  the 
number  of  hours  of  use. 

(b)  Maintenance  charges,  which  include  renewal  of  parts, 
labor,  and  all  costs,  except  the  cost  of  energy,  which  depend  upon 
the  hours  of  burning. 

The  cost   of  energy,  which   depends   upon   the   hours   of 
burning  and  the  rate  charged. 

If  data  are  compiled  under  these  heads  in  convenient  units, 
such  as  in  (a  1  an  annual  charge,  in  (b  >  a  charge  per  1,000  hours 
operation,  and  in  ( c)  a  charge  per  1.000  hours  operation  at  unit 
of  energy,  the  several  items  may  easily  be  calculated  for 
any  given  set  of  conditions  and  the  total  annual  operating 
of  any  lighting  system  obtained  as  their  sum. 

Under  fixed  charges,  the  items  of  depreciation  and  attendance 
may  be  mentioned  particularly.  Depreciation  should  be  charged 
on  permanent  part-  only,  and  not  upon  parts  the  renewal  of 
which  is  provided  for  in  the  maintenance  cost.  The  rate  for  de- 
preciation should  in  many  cases  be  higher  than  the  current  prac- 
for  obsolescence,  rather  than  the  wearing  out  of  parts,  de- 


8l8      TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 

termines  the  life  of  a  lighting  system.  There  are  many  installa- 
tions in  use  to-day  which  are  in  good  order  and  giving  a  fair 
measure  of  satisfaction,  but  which  could  be  replaced  at  a  large 
saving. 

Too  much  emphasis  can  not  be  given  to  the  desirability  of 
regular  attendance  for  those  illuminants  which  do  not  require 
trimming  from  time  to  time.  It  is  essential  for  satisfactory 
operation  that  such  lamps  and  reflectors  be  cleaned  at  regular 
intervals,  hence  a  fixed  charge  should  always  be  included  for  this 
service.  Lamps  which  require  frequent  trimming  are  cleaned  at 
the  same  time,  and  the  cost  is  included  under  the  maintenance 
charge. 

The  energy  cost  can  usually  be  readily  computed  but  will,  in  the 
case  of  some  electric  illuminants,  depend  upon  the  voltage  of  the 
circuit,  since  this  determines  either  the  wattage  or  the  power- 
factor.  The  effect  of  power-factor  is  seldom  considered  although 
it  governs  the  investment  in  generators,  transformers,  and  wiring, 
and  in  a  small  degree,  the  energy  required.  To  the  central  station 
or  isolated  plant,  the  volt-amperes  required  by  a  given  lamp  are 
perhaps  as  close  a  measure  of  the  cost  of  service  as  the  actual 
wattage  consumed.  When  the  consumer  is  purchasing  energy 
on  a  kilowatt-hour  basis  this  factor,  of  course,  is  eliminated  so 
far  as  he  is  concerned. 

Aside  from  the  items  which  may  be  classified  under  illuminat- 
ing power  and  cost,  there  are  certain  features  which  the  il- 
luminating engineer  must  recognize  in  selecting  a  lighting  unit. 
As  examples  of  these  may  be  mentioned  the  operation  on  fluctuat- 
ing voltage  or  pressure,  the  possibility  of  protecting  the  units 
and  circuit  against  over  voltage,  the  likelihood  of  outages  and 
their  influence  on  production,  the  general  effect  of  the  illumina- 
tion, and  the  adaptability  to  artistic  treatment. 

The  value  of  an  illuminant  can  not,  then,  be  measured  wholly 
by  arbitrary  standards  ;  certain  factors  must  always  be  considered 
in  their  relation  to  the  individual  installation.  However,  the  es- 
tablishment of  equitable  standards,  so  far  as  possible,  and  the 
compilation  of  data  on  commercial  light  sources  in  accordance 
with  these  standards  is  a  work  which,  when  accomplished,  will 
be  of  positive  benefit  both  to  the  consumer  and  to  the  illuminat- 
ing engineer. 
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DISCUSSION. 

Mr.  X  or  man  Macbeth : — 1  would  agree  with  much  of  the 
thought  expressed  in  this  paper  it  the  authors  had  only  called  it 
by  another  name  and  had  omitted  those  parts  which  clearly  fixed 
their  desire  to  have  placed  on  record  the  "comparative  merits  of 
different  light  sources."  Otherwise  there  is  much  that  is  good 
in  the  paper.  As  it  new  stands,  however,  I  would  consider  it 
to  be  somewhat  of  a  millennium  paper.  We  cannot  overlook  the 
situation  which  has  heen  much  in  evidence  at  this  convention — 
that  we  have  commercial  interests  whose  finger  never  leaves  the 
pulse  of  this  society.  1  \y  some  this  has  been  considered  desirable, 
although  I  believe  it  will  he  admitted  that  on  this  point  there  is 
an  opportunity  for  a  difference  of  opinion.  The  kind  of  informa- 
tion desired,  if  I  read  the  paper  correctly,  will  not  add  to  the 
usefulness  nor  to  the  harmony  of  our  meetings.  This  is  not 
a  declared  commercial  organization  nor  one  having  privileges 
which  a  strictly  commercial  association  could  not  countenance; 
and  to  place  the  endorsement  of  this  society  on  the  results  of 
"a  study  of  commercial  light  sources  as  such  with  conclusions 
which  could  be  used  to  satisfy  the  business  man  as  to  the  rela- 
tive merits  of  two  illuminants,  is  treading  upon  exceedingly 
thin  ice.  or  in  the  parlance  of  the  aviator  "upon  a  hole  in  the 
air".  Such  a  policy  is  rendered  still  more  impracticable  when  we 
realize  that  such  information  would  find  its  greatest  use  in  the 
hands  of  rival  salesmen  who  would  be  quite  prone  to  distort,  to 
state  it  mildly,  the  data  thus  available  to  the  uplifting  of  their  own 
particular  product  over  that  of  their  competitor. 

There  are  a  number  of  good  reasons  why  the  main  thought  in 
this  paper  should  not  be  carried  further.  The  result  of  the  in- 
vestigations, outlined  by  the  authors,  finallv  l>earing  "the  stamp 
of  impartiality  and  reliability  as  engineering  information  rather 
than  advertising  material"  would  not  in  my  opinion  be  con- 
structive but  destructive. 

The  constructive  work  so  far  to  our  credit  is  so  comparatively 
small,  that  we  should  not.  at  this  time,  consider  any  line  of  effort 
which  will  not  tend  to  cooperate,  and  upbuild  all  interest^  identi- 
fied with  the  entire  field  of  useful  endeavor. 

The  undeveloped  field  is  so  large  and  the  installation  require- 
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ments  are  so  varied  in  character  and  have  been  investigated  to 
such  a  slight  extent,  that  we  should  not  hope  to  cast  all  to  the 
same  mold,  even  should  we  overcome  the  personal  factor  of  the 
architect  and  the  consumer  whom  we  have  always  with  us,  and 
without  whom  there  would  be  no  occasion  for  this  society. 

On  the  other  hand,  if  we  admit  it  is  desirable  that  we  have 
reliable  data  on  all  the  sources  available  for  use,  where  are  we 
going  to  get  two  or  three  men  with  the  experience,  the  reliability, 
the  impartiality  and  freedom  from  commercial  influences, 
to  properly  edit  the  data  submitted,  not  only  to  the  satis- 
faction of  those  who  propose  to  use  it,  but  also  to  the  man  who 
presented  the  material  for  editing.  Of  the  difficulties  which 
would  be  presented  we  have  had  illustrations  in  a  small  way  in 
this  meeting :  untrue  inferences  have  been  drawn ;  writers  and 
some  of  those  contributing  to  the  discussion  have  been  subject  to, 
or  have  aided  in  cross  examination,  to  inference  and  evasion,  and 
for  what? — not  always  to  get  the  truth,  but  rather  to  confuse  and 
embarrass  another  member  or  to  prevent  being  exposed  after  hav- 
ing submitted  pure  advertising  matter  under  the  cloak  of  en- 
gineering data.  The  recognition  of  this  spirit  is  not  sufficient, 
it  must  be  overcome  before  we  can  seriously  consider  "laying 
all  of  the  cards  on  the  table." 

If  we  grant  the  statement  on  the  second  page  of  the  paper  that 
"the  small  manufacturer,  or  business  man  wants  to  know  the 
relative  merits  of  two  illuminants",  may  this  society  furnish  that 
information?  I  cannot  see  the  justification,  any  more  than  we 
could  advance  the  claims  of  a  consulting  engineer,  who  regardless 
of  engineering  ethics,  would  solicit  the  aid  afforded  by  this 
society's  endorsement  in  seeking  clients  in  competition  with  other 
engineers  who  may  not  be  enrolled  upon  its  membership  list. 

If  we  confine  our  efforts  to  helping  along  the  cause  of  illumi- 
nation in  a  broad-minded  unselfish  manner,  considering  each 
situation  or  problem  from  the  scientific  rather  than  the  com- 
mercial standpoint  we  will  clear  the  commercial  personal  prefer- 
ence rocks,  which  are  so  near  the  surface  and  with  which  the 
route  over  which  we  have  passed  in  the  last  five  years  has  been 
so  thickly  strewn. 

This  society  cannot  be  successful  if  the  transactions  are  largely 
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devoted  to  advertising  matter  or  to  the  exploiting  of  labels  or 
trade  names  of  lamps,  reflectors,  or  other  ao  -.  whose  chief 

claim  to  recognition  may  be  that  the  exploiter  was  one  of  those 
volunteer-  who  s<  >  gladly  put  their  shoulders  to  the  wheel  when 
ciety  was  younger  and  unable  to  walk  alone.  If  the  present 
advertising  methods  are  worth  while  to  those  benefiting  thereby, 
what  would  he  the  market  value  of  the  society's  endorsement  of  a 
commercial  light  source  on  the  basis  of  its  ultimate  value  as  an 
illuminant?  undoubtedly  of  inestimable  value,  provided  the 
society  survived  the  experience. 

There  is  yet  a  great  deal  of  valuable  work  to  be  done  in  the 
third  group  mentioned  on  the  first  page  of  the  paper  dealing  with 
descriptions  of  installations  and  with  reports  on  illumination 
tests.  This  field  has  been  but  slightly  investigated  and  to  a  lesser 
extent  have  papers  on  that  subject  appeared  in  the  Transactions. 
The  encouragement  of  these  papers  will  broaden,  rather  than  nar- 
row the  scope  of  this  society.  We  require  a  still  greater  variety 
of  light  sources  and  accessories — a  multiplication  of  our  special 
sources,  to  better  meet  the  peculiar  requirements  of  many  instal- 
lations— and  not  a  reduction  of  a  few  sources  now  available, 
which  would  undoubtedly  result  if  the  thought  expressed  in  this 
paper  was  acted  upon.  To  eliminate  the  inefficient  or  unsatisfactory 
sources  by  an  endorsement  of  the  favored  equipment  could  only 
be  possible  by  choosing  arbitrary  methods  of  comparison  which 
cannot  possibly  take  into  consideration  the  installation  require- 
ment?. We  do  not  know  to-day  what  these  requirements  are.  and 
there  is  an  enormous  amount  of  work  to  be  done  before  we  will 
add  appreciably  or  at  all  conclusively  to  our  present  knowledge  of 
the  subject.  To  take  up  "a  study  of  commercial  light  sources  as 
such"  would  be,  in  my  opinion,  a  waste  of  time,  excepting  for 
those  manufacturers  whose  product  must  climb  up  over  that  of 
a  less  wide  awake  competitor,  a  condition  in  which  as  a  society 
we  can  have  no  possible  interest. 

Let  us  have  more  contributions  on  the  study  of  installation 
the  requirement-  for  illumination  and  the  means  which  were  used 
to  meet  them.  Let  us  insist  that  the  member  contributing  a  paper 
purporting  to  be  an  analysis  of  an  installation,  include  that  which 
the  authors  state  has  been  lacking  in  some  papers  now  in  the 
6 
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Transactions  "all  factors  which  determine  the  relative  value  of 
illuminants" ;  when  "the  considerations  involved  are  of  an  ele- 
mentary nature",  but  which  by  their  omission  result  only  in 
adding  to  the  pages  of  the  year's  proceedings  rather  than  to  their 
value  as  a  book  of  reference. 

In  reporting  on  the  costs,  as  outlined  by  the  authors,  I  can 
agree  with  the  method  of  using  three  headings  as  stated,  with 
the  exception  that  regular  attendance  should  not  come  under  fixed 
charges  "A"  but  under  the  maintenance  charge  heading  "B." 
Regular  attendance  has  been  very  difficult  to  settle  upon  and  is 
more  frequently  irregular.  One  important  factor  on  which  we 
have  been  trying  to  convince  consumers,  is  the  advisability  of 
cleaning  lamps  and  reflectors,  and  I  have  been  unable  to  find  any 
establishment  where  regular  periods  have  settled  upon.  In  fact, 
with  one  large  concern  where  they  have  an  extensive  maintenance 
system,  they  have  not  as  yet  in  the  course  of  a  year  and  a  half 
determined  the  periods  at  which  certain  equipment  should  be 
cleaned.  The  entire  equipment  is  inspected  daily  for  burn-outs, 
and  tests  have  been  made  from  time  to  time  in  the  endeavor  to 
determine  just  what  condition  a  reflector  should  be  in,  that  the 
loss  in  illumination  will  not  exceed  the  cost  of  cleaning  the  glass- 
ware and  putting  it  into  first-class  condition  again.  At  any  rate  I 
can  see  no  harm,  if  there  is  any  possible  question  on  this  item,  in 
bringing  these  charges  under  class  B.  It  would  certainly  be 
undesirable  under  the  above  circumstances,  to  have  them  con- 
sidered  under   class   A    heading. 

Mr.  R.  B.  Hiissey.—The  energy  cost  based  on  the  given  num- 
ber of  hours  of  burning  is  an  important  item  but  is  perhaps  the 
most  variable  of  all.  The  rate  per  kilowatt-hour  must  be  assumed 
and  as  this  varies  greatly  in  different  places  and  under  different 
conditions  the  cost  of  energy  can  be  only  approximate,  unless  the 
particular  conditions  are  known.  By  keeping  a  uniform  assumed 
rate,  however,  a  fair  general  comparison  can  be  readily  made  be- 
tween different  units  or  systems.  The  other  items  mentioned  such 
as  renewal  of  lamps  and  electrodes,  labor,  etc.,  equally  dependent 
on  the  hours  of  burning,  are  more  easily  approximated  and  do  not 
vary  as  much  in  different  places. 

The  fixed  charges  are  most  easily  compiled  on  the  basis  of  a 
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war's  burning,  and  in  general  comparisons  of  street  lighting 
equipments  i  have  usually  figured  on  the  all  night  every  night 
which  amounts  to  about  four  thousand  hours  per  year, 
id  of  figuring  <>n  one  thousand  hours.  It  makes  it  somewhat 
simpler  to  figure  the  maintenance  and  energy  on  the  basis  of 
the  complete  year  so  as  to  compare  more  directly  with  the  fixed 
charge-  that  are  made  on  the  basis  of  a  year. 

I  note  that  the  question  of  power  factor  has  been  raised  by 
the  author.  I  believe  it  is  quite  essential  and  in  general  I  have 
figured  the  energy  as  volt-amperes  so  as  to  include  this  relation. 
Another  point  in  this  connection  when  comparing  different  kinds 
oi  systems,  is  to  include  the  initial  or  average  efficiency  of  the 
unit  in  terms  of  the  cost  of  maintenance  for  a  given  quantity  of 
light  or  illumination.  This  gives  a  more  complete  figure  in  the 
comparison  of  different  kinds  of  lighting  systems. 

Mr.  L.  B.  Bichengreen  : — In  the  laboratory  with  which  I  am 
omnected  we  have  realized  the  fact  that  depreciation  in  candle- 
power  does  occur  with  lamps  of  all  kinds  and  glassware;  and  in 
order  to  take  care  of  this  we  simulate  .the  service  conditions  as 
closely  as  possible  in  order  to  give  the  man  who  is  to  use  the 
illumination  data,  figures  which  he  reallv  can  work  on.  I  think 
that  a  fair  figure  for  deterioration  would  be  fifty  per  cent. :  in 
fact,  we  use  that  in  our  calculations.  I  might  also  say  that  I 
don't  think  that  the  average  illuminating  value,  the  average  flux 
from  the  unit,  is  the  thing  to  use.  I  think  that  the  minimum 
value  ought  to  be  used  in  all  cases. 

Mr.  Ward  Harrison: — T  just  want  to  ask  whether  this  speaker 
meant  to  a  general   factor  of   depreciation  of   fifty  per 

cent,  for  all  lamps  or  for  only  certain  typ 

Mr.   L.   B.   f.ichen^rccn: — In  this  I  am  alluding  only  to  gas 
lamps,  but  we  would  use  the  same  figures  for  electric  lam; 
any  other  illuminants. 

Mr.  C.  II.  Stickncy.- -This  paper  is  particularly  interesting  in 
indicating  the  best  method   of  comparing  the  performance   and 
f  illuminants.     While  it  i<  le  that  the  data  now  avail- 

able will  not  permit  fair  comparisons  of  all  illuminants  on  this 
.  it  is  certainly  the  end  to  be  desired  and  the  one  toward 
which    we    should    all    work.      Personally,    I    am    optimistic    and 
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believe  that  the  advantage  of  obtaining  and  publishing  honest 
and  accurate  data  is  becoming  more  and  more  thoroughly  realized 
by  the  manufacturers  of  illuminants,  and  when  this  is  supple- 
mented by  the  data  which  large  users  of  light  are  accumulating,  a 
fair  comparison  is  certainly  possible.  I  have  in  mind  the  thorough 
and  complete  tests  which  a  large  steel  corporation  is  making  to 
determine  the  true  value  of  illuminants  for  their  conditions. 
When  this  data  becomes  available,  by  modifying  it  to  suit  other 
conditions  we  will  have  the  advantage  of  data  which  must  be 
free  from  bias. 

In  the  discussion,  it  has  been  suggested  that  a  fixed  deprecia- 
tion factor  for  candle-power  performance  is  desirable.  This 
seems  to  be  impracticable,  since  some  illuminants  inherently  de- 
preciate more  than  others,  while  in  some  classes  of  installations, 
depreciation  from  accumulation  of  dust,  etc.,  is  greater  than  in 
others.  In  giving  the  lighting  performance  it  will  be  necessary 
to  show  it  in  several  different  ways ;  that  is  to  say,  in  some 
instances  the  total  flux  produced  will  be  the  most  useful  com- 
parison and  in  others,  the  downward  flux  or  flux  below  the 
horizontal.  Beyond  this,  the  flux  or  intensity  through  different 
ranges  of  elevation  becomes  important  for  different  classes  of 
problems,  and  right  here  we  are  in  need  of  further  experience  to 
determine  the  relative  value  of  light  at  different  angles  of  ele- 
vation for  different  classes  of  lighting  installations. 

The  authors  have  separated  the  cost  of  light  under  three  head- 
ings ;  namely,  fixed  charges,  energy  and  maintenance.  It  has 
been  suggested  in  the  discussion  that  certain  charges  might  pre- 
ferably be  transferred  from  one  of  these  items  to  the  other.  I 
have  frequently  found  it  difficult  to  determine,  for  certain  charges, 
just  where  they  can  best  be  classified.  With  certain  classes  of 
illuminants  or  certain  classes  of  installations  some  charges  seem 
to  belong  naturally  in  fixed  charges,  while  in  other  cases  the  same 
charges  can  more  accurately  be  considered  under  maintenance. 
It  will  probably  be  necessary  to  maintain  a  certain  flexibility  in 
classifying  items,  simply  keeping  under  fixed  charges  those  items 
which  vary  with  the  time  of  installation,  independent  of  the  hours 
of  burning,  and  classifying  under  maintenance  all  those  items 
depending     upon     the     hours     of     burning,     except     those     de- 
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pendent  upon  the  price  of  power.  The  object  of 
keeping  the  energy  separate  from  the  maintenance  is  to  make 
the  method  more  readily  applicable  for  translation  from  one  price 
for  power  to  another.  In  some  cases  I  have  found  it  desirable 
to  divide  the  maintenance  under  two  separate  heads  in  order  to 
facilitate  the  application  of  the  calculations  for  different  varia- 
of  conditions.  I  believe  this  attitude  is  the  same  as  that 
taken  by  the  authors  of  the  paper. 

Mr.  R.  F.  Pierce; — I  quite  agree  with  what  has  been  said  by 
the  authors  of  the  paper,  and  those  who  have  discussed  it,  re- 
garding the  importance  of  data  on  economy  in  lighting  apparatus. 
]t  seems  to  me  that  the  proper  activity  of  the  engineer  has  to  do 
almost  entirely  with  economy.  You  will  remember  the  definition 
of  engineering  given  by  Sir  Mark  Brunei,  "An  engineer  is  a  man 
who  can  do  for  one  shilling  what  any  damn  fool  can  do  for  two." 
That  of  course  is  considerably  exaggerated,  but  what  I  wish  to 
draw  attention  to  is  this  :  that  in  so  far  as  the  illuminating  en- 
gineer has  to  do  with  artistic  considerations  he  is  outside  of  the 
strict  field  of  illuminating  engineering:  and  while  this  dis- 
cursion  is  rendered  necessary  by  commercial  conditions  at  present, 
the  fact  remains  that  an  illuminating  engineer  as  an  engineer  has 
chiefly  to  do  with  economy. 

Regarding  the  absence  of  exhaustive  data  regarding  the  per- 
formance of  units  other  than  electric  units,  especially  the  absence 
of  factor^  for  correction  from  other  standard  conditions,  I  realize 
and  will  admit  that  there  is  aft  insufficiency  of  such  data,  but 
that  is  not  due  to  any  indisposition  of  the  manufacturers  of  gas 
lighting  apparatus  to  submit  such  data,  but  rather  to  the  difficulty 
of  separating  the  various  factors  which  go  to  make  up  deprecia- 
tion and  discrepancies.  These  difficulties  are  considerable  and 
the  data  is  not  obtainable  at  present.  The  gas  people  should  be 
very  glad  to  present  such  data  if  they  were  available. 

Regarding  Mr.  Eichengreen's  statement  of  a  depreciation 
r  of  fifty  per  cent,  being  allowed  for  gas  lamps,  I  would 
like  to  enquire  what  factors  go  to  make  up  that  fifty  per  cent. 
depreciation  figure  and  in  what  proportions  :  how  much  is  as- 
signable to  depreciation  of  mantles :  what  kind  of  mantles  ;  how 
much  is  due  to  depreciation  of  glassware ;  and  how  much  is  due 
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to  other  causes,  whatever  they  may  be.  It  is  highly  necessary 
that  all  factors  entering  into  depreciation  be  definitely  understood 
and  I  think  that  further  discussion  of  that  is  very  essential  before 
fixing  any  factor  for  depreciation  whatever. 

Mr.  L.  B.  Eichengrecn: — I  wish  to  add  that  the  fifty  per 
cent,  depreciation  figure  that  1  just  named  is  not  the  figure 
which  is  obtained  in  the  laboratory.  It  is  the  figure  which  is  in 
use  in  selling  service  to  the  consumer  when  the  lamps  are  not 
on  maintenance.  We  assume  that  we  want  the  consumer  to  have 
the  correct  service  throughout  the  entire  life  of  the  unit  and 
therefore  we  assume  fifty  per  cent,  depreciation.  One  of  the 
severest  tests  which  we  gave  a  gas  lamp  was  to  install  it  in  a 
kitchen  under  a  hood  where  it  collected  the  dirt  and  grease. 
This  lamp  burned  for  a  period  of  about  five  hundred  hours.  In 
that  time  there  was  a  depreciation  of  29  per  cent.  After  cleaning 
the  globe,  the  glassware,  the  depreciation  was  six  per  cent.  I 
might  cite  another  instance  where  an  indirect  reflector  was 
used  for  one  year  without  cleaning.  In  this  instance  there  was 
a  depreciation  of  fifty  per  cent. ;  but  upon  cleaning  the  reflector, 
the  depreciation  amounted  to  only  about  5  per  cent. 

Mr.R.F.  Pierce: — It  is  obvious  from  Mr.  Eichengreen's  reply  to 
my  question  regarding  the  method  of  evaluating  the  factor  of  the 
depreciation  which  he  mentioned  that  it  is  really  a  factor  of  safety 
rather  than  a  factor  of  depreciation  or  a  discrepancy  factor  between 
laboratory  and  service  conditions.  It  really  represents  the  effects 
of  a  maximum  amount  of  abuse  by  the  user  combined  with  the 
effects  of  the  poorest  service  and  maintenance  conditions.  Under 
such  circumstances  a  factor  nearly,  if  not  quite  as  large,  should 
be  applied  in  design  of  the  illumination  by  any  illuminant  if  the 
engineer  is  to  be  assured  that  results  at  least  equal  to  the  cal- 
culation are  to  be  obtained. 

Gas  and  electric  lighting  units  differ  in  this  particular  in  prac- 
tise: Gas  lamps  are  affected  to  a  greater  degree  from  abuse  by  the 
user,  while  electric  lamps  are  affected  to  a  greater  degree  bv  va- 
riations from  normal  service  conditions.  The  assigning  of  a  fac- 
tor of  safety  depends  more  upon  the  engineer  than  upon  the  il- 
luminant. 

Gas  lighting  engineers   are  naturally  more   conservative  than 
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electric  lighting  engineers  for  the  good  and  sufficient  reason  that 
they  can  afford  to  be.  The  inherent  economy  of  the  iUuminant 
enables  them  to  use  a  greater  factor  of  safety.  This  largely  ac- 
counts for  the  fact  that  higher  degrees  of  illumination  prevail 
with  gas  lighting  than  with  electric  lighting.  Having  provided  a 
higher  factor  of  safety,  only  a  small  portion  of  which  is  absorbed 
in  practise,   calculated   results   are   quite   generally   acceded. 

It  i3  a  significant  fact  that  as  far  as  recent  contributions  on 
the  comparison  of  illuminants  are  concerned,  no  factor  of  safety 
whatever  has  been  allowed  with,  or  mentioned  with  reference  to 
electric  lamps.  Such  a  practise  can  never  by  any  stretch  of  the 
imagination  be  considered  good  engineering.  If  we  consider 
the  fact  that  users  of  tungsten  lamps  are  prone  to  operate  them 
at  the  bottom  rather  than  top  voltage;  that  circuit  voltages 
may  be,  and  very  often  are,  considerably  below  the  rated  voltage; 
that  considerable  voltage  lluctuations  occur,  and  that  excessive 
line  drop  is  by  no  means  uncommon,  it  will  be  seen  that  a  de- 
r  who  anticipate-  equaling  calculated  results  under  a  com- 
bination of  the  worst  of  all  these  factors,  must  use  a  factor  of 
ty  of  about  50  per  cent. 

The  operation  of  a  tungsten  lamp  at  bottom  voltage  would 
reduce  the  candle-power  about  10  per  cent,  below  the  rated 
candle-power,  and  operation  at  10  per  cent,  below  normal  volt- 
age would  entail  a  further  reduction  of  30  per  cent.,  leaving  only 
10  per  cent,  for  the  effects  of  dirty  glassware,  etc. 

The  fact  that  gas  lighting  engineers  use  a  factor  for  safety 
so  much  in  excess  of  that  of  common  electric  practise,  indicate-  n<  >l 
a  greater  discrepancy  in  the  performance  of  the  gas  lamp  in 
practise  as  referred  to  laboratory  conditions,  but  a  desire  to 
avoid  overrating  the  iUuminant,  and  obtain  results  which  may  be 
relied  upon  to  equal  the  calculations  under  the  worst  practical 
conditions. 

Mr.  J.  R.  Cravath  : — Mr.  Eichengreen  dropped  one  remark 
which  intere-ted  me  because  I  have  given  some  thought  to  it, 
and  that  is  the  question  of  minimum  value.  When  and  where 
one  must  apply  minimum  values  in  performance  data?  For 
example,  one  instance  which  comes  up  most  prominently  in  an 
arc  light   for   street  lighting  purposes.   It  is  a  serious  question 
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whether  a  lamp  which  is  fluctuating  violently  from  one  moment 
tc  the  other  should  not  be  rated  on  its  average  value  but  rather 
on  its  minimum  value.  I  have  no  doubt  that  the  incandescent 
lighting  people  would  be  very  glad  to  see  arc  lamps  rated  on  that 
basis,  but  seriously  that  point  must  be  considered.  The  effect  of 
contrast  in  the  illumination  from  one  minute  to  another  with  a 
fluctuating  lamp  is  a  strong  detriment  to  the  fluctuating  lamp, 
and  an  illuminant  the  average  performance  of  which  might  be 
considerably  lower  but  which  is  steady  might  be  a  better  illumi- 
nant for  the  purpose.  I  simply  wish  to  call  your  attention  to  that 
general  principle  hoping  that  it  may  be  considered  more  in  the 
future. 

Another  instance  where  the  minimum  value  figure  ought  to  be 
considered  is  in  the  lighting  of  large  areas,  such  as  stores  and 
general  offices,  where  there  must  be  a  certain  minimum  illumina- 
tion in  all  working  parts  of  the  room.  It  is  not  sufficient  to  have 
a  high  average  intensity.  There  may  be  places  where  the  in- 
tensity will  be  far  more  than  is  needed,  but  nevertheless  there 
must  be  a  minimum  for  the  requirements.  One  is  not  so  much 
interested  in  what  the  maximum  may  be.  Those  are  things  that 
must  be  considered.  They  have  not  been  considered  enough  in  the 
past. 

Mr.  Ward  Harrison  (in  reply)  :  I  agree  with  Mr.  Macbeth 
in  regard  to  the  difficulty  of  ever  securing  a  fund  of  entirely  im- 
partial information. 

Mr.  Macbeth  is  correct  in  stating  that  to  secure  the  most 
economical  service,  the  frequency  with  which  lamps  are  cleaned 
should  be  made  to  depend  to  some  extent  upon  the  hours  of  burn- 
ing and  that  the  cost  of  such  cleaning  should  therefore  be  con- 
sidered as  a  variable  maintenance  expense  rather  than  a  fixed 
charge.  On  the  other  hand,  the  cost  of  cleaning  usually  forms 
but  a  very  small  proportion  of  the  total  cost  of  operating  a  light- 
ing installation,  and  in  the  majority  of  cases  it  would  be  found 
more  practicable  to  have  fixed  intervals  for  cleaning,  as  once  in 
two  weeks  or  once  a  month,  than  to  attempt  to  determine  exact- 
ly the  most  economical  period.  For  this  reason  we  have  consid- 
ered cleaning  as  a  fixed,  rather  than  as  a  variable  charge.  After 
the  lamp  user  has  been  educated  to  see  the  necessity  of  cleaning 
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long-burning  lamps  at  frequent  intervals  it  may  then  be  feasible 
in  the  ease  of  some  large  consumers  to  take  up  the  question  of 
the  must  economical  period. 

I   wish   to   commend   suggestion   of   a   previous   speaker   that 
ons  of  average  candle-power,  efficiency  and  operating  cost 
be  separated  from  those  relating  to  color,  adaptability  to  artistic 
treatment,  etc.     Frequently  these  latter  considerations  must  be 
ed  as  talking  points  upon  which  no  definite  decision  can  be 
reached,  and  if  such  subjects  were  taken  up  in  the  papers  out- 
lined above  they  might  easiiy  lead  to  long  and  profitless  dis- 
ion. 
Mr.  Pierce's  attitude  that  the  Illuminating  Engineering  Society 
is  an  engineering  body  and  that  the  engineer  is  a  man  who  can 
;th  one  dollar  what  any  fool  can  do  with  two,  has  not  always 
been    in    evidence    in    the    society.     Other    engineering   societies 
devote  a  large  proportion  of  their  time  to  the  consideration  of 
-tions  of  cost  and  economy. 
The  point  which  Mr.  Cravath  raises  in  regard  to  the  proper 
candle-power  rating   for  fluctuating  light   sources  is   one  upon 
which  we  are  surely  in  need  of  more  information.     If  a  question 
of  this  character  were  made  the  subject  of  a  paper  before  this 
society  it  would  no  doubt  be  possible  to  arrive  at  a  method  of 
rating  which  would  meet  with  general  approval. 
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ILLUMINATION   OR  EQUIPMENT?1 


BY    FRANK   B.    RAE,    JR. 


There  is  this  peculiarity  about  the  lighting  business:  we  sell 
gas,  electricity  or  lighting  equipment ;  whereas  the  customer  buys, 
or  thinks  he  buys,  illumination.  Between  the  buyer  and  seller, 
then,  there  is  a  gap,  and  it  is  my  understanding  that  the  Il- 
luminating Engineering  Society's  purpose  is  to  bridge  this  gap. 

Now,  into  any  problem  of  bridge-building  enter  many  con- 
siderations. In  the  first  place,  the  bridge  must  be  erected  where 
the  density  of  traffic  will  repay  in  largest  measure  the  cost  of 
the  structure.  Then  it  must  be  of  such  strength  and  size,  either 
large  or  small,  as  will  most  economically  accommodate  this 
traffic.  These  are  plain  and  practical  considerations  which  in- 
terest the  sordid  and  the  ignorant.  The  higher  problems  of  en- 
gineering involved  are,  on  the  other  hand,  technical  considera- 
tions which  interest,  chiefly,  only  a  few  men  of  special  training. 

To  apply  the  simile  to  the  lighting  industry,  we  find  it  neces- 
sary to  bridge  the  chasm  between  the  man  who  sells  gas,  elec- 
tricity and  equipment  and  the  man  who  buys  illumination.  The 
technical  problems  involved  are  of  interest  only  to  engineers,  but 
there  are  plain  and  practical  questions  which  interest  the  least 
ethical  salesmen,  the  most  sodden  proletarian:  Where  are  these 
bridges  to  be  built? — How  large  or  small  are  they  to  be? 

To  answer  these  questions,  the  engineers  must,  voluntarily  or 
perforce,  look  at  the  problems  first  from  the  public's  standpoint, 
which  is  something  that  has  not  been  done  heretofore  with  any 
consistency.  You,  as  engineers,  must  realize  that  you  are  public 
servants  like  the  driver  of  a  taxicab  or  a  subway  guard ;  that  is 
is  to  say,  a  perhaps  unwilling  servant  but  in  livery  neverthe- 
less. The  public  does  not  know  or  care  about  your  technical 
problems  or  difficulties,  and  does  not  propose  that  those  diffi- 
culties shall  be  considered  above  the  main  point — which  is  to 
erect  where  most  needed  the  bridges  that  will  accommodate  the 
necessary   traffic. 

Let  us  analyze  for  a  moment  the  work  of  the  man  who  to-day 
is  selling  equipment  or  energy  but  who  should  be  selling  illumina- 

1  A  paper  read  at  the  fifth  annual  convention  of  the  Illuminating  Engineering 
Society,  Chicago,  September  25,  26,  27  and  2S,  191 1. 
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tion.  At  the  present  time  there  is  a  simple  formula  for  deter- 
mining the  amount  oi  current  required  for  lighting  to  a  given 
intensity  a  room  of  given  dimensions.  This  formula  divides  wall 
and  ceiling  tones  into  three  classes ;  light,  medium  and  dark, 
but  it  fails  to  define  the  meaning  of  the  words  "light,  medium 
and  dark"  and  takes  no  account  of  color.  This  lack  of  definite- 
ness  makes  the  formula  a  mere  "rule  of  thumb"  (which  rule, 
you  may  remember,  defines  the  distance  from  the  first  joint  to 
the  tip  of  the  thumb — any  thumb — as  one  inch). 

Here  then  is  a  point  where  the  engineers  should  throw  a  bridge 
over  the  chasm  of  our  ignorance.  We  require  a  color  chart  with 
proper  constants  for  determining  exactly  the  value  of  wall  tints. 

Then,  this  situation  is  frequent.  A  man  desiring  to  illuminate 
his  premises  is  bombarded  by  the  conflicting  claims  of  many 
equipment  manufacturers.  -The  customer  does  not  care  at  all 
what  equipment  he  installs;  his  desire  is  simply  to  secure  the 
best  practical  illumination.  Yet  there  is  no  means  whereby  he 
can  determine  the  exact  facts  regarding  illuminants,  for  no  data 
is  available  which  either  applies  to  normal  working  conditions  or 
which  bears  the  stamp  of  absolute  independence. 

So  there  is  another  bridge  to  be  built. 

Finally,  the  engineers  can  perform  the  greatest  service  of  all 
by  supplying,  in  usable  form,  data  which  may  serve  as  the  basis 
of  popular  education  on  illumination.  In  the  industrial  field,  es- 
pecially, we  should  know  such  things  as  the  ratio  in  speed  and 
spoilage  between  a  workman  operating  under  proper  illumina- 
tion and  one  combating  the  glare  effect  of  a  bare  lamp  hung  di- 
rectly in  line  of  vision. 

In  this  connection,  let  us  examine  briefly  certain  work  that  was 
done  to  promote  industrial  lighting. 

Several  years  ago  when  the  Holophane  Company  acquired  the 
D'Olier  steel  reflectors  it  directed  the  writer  to  inaugurate  a 
campaign  of  education  in  industrial  lighting.  F.ditors  were  in- 
terviewed: photographs  were  secured  and  articles  prepared.  Since 
the  product  exploited  could  be  used  only  in  conjunction  with 
incandescent  lamps,  the  work  was  frankly  partisan  to  that  il- 
luminant.  Xo  excuse  is  offered  for  this  other  than  the  obvious 
commercial  necessity  of  the  case.  Before  the  campaign  was 
fairly    launched,    the    Buckeye    Electric    Company,    with    whom 
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I  am  also  associated,  joined  forces  in  this  work.  Our  pur- 
pose was  to  show  the  need  for  better  industrial  lighting  condi- 
tions; to  show  the  cost,  in  human  eyesight,  in  waste  time  and  in 
spoilage,  of  goods  in  process  of  manufacture,  of  inadequate  light- 
ing methods;  and  finally  to  explain,  so  far  as  practicable,  the 
way  to  go  about  improving  conditions  by  the  use  of  incandes- 
cent lamps. 

I  am  no  engineer,  but,  gentlemen,  three-quarters  of  the 
the  facts  and  figures  which  were  cited  in  these  educational  arti- 
cles which  appeared  in  the  textile,  steel,  shoe  and  similar  trade 
papers,  were  the  deductions  of  my  crude  and  unscientific  obser- 
vation. The  comparatively  few  "scientific"  facts  available  were 
so  generally  at  variance  with  the  obvious  truth,  that  practically 
all  such  data  had  to  be  corrected  by  a  "common  sense  constant" 
to  make  it  pass  muster. 

Now,  here  is  the  nub  of  this  recital.  There  is  to-day  very 
little  more  practical,  usable  data  of  actual  scientific  value  on 
this  subject  than  there  was  three  years  ago.  Certain  engineers 
have  deplored  the  exaggeration,  the  inaccuracies,  the  generalities 
of  the  articles  we  have  published,  but  they  have  not  supplied  the 
cold,  hard,  inconvertible  facts  to  supersede  the  only  basis  upon 
which  we  were  compelled  unwillingly  to  work. 

The  unregenerate  ad-man,  the  boastful  and  seemingly  un- 
scrupulous salesman,  have  been  compelled  to  erect  flimsy  and 
temporary  bridges  across  this  chasm  which  separates  the  manu- 
facturer from  his  customer.  They  have  done  so,  not  out  of 
choice,  but  from  necessity;  they  are  subjects,  not  for  blame, 
but  for  succor. 

It  is  hoped  that  these  suggestions  make  clear  the  need  for  in- 
creased activity  upon  the  part  of  this  society  along  lines  of  prac- 
tical development  of  the  field. 

Such  activity  will  be  appreciated — is  appreciated  to-day.  The 
successful  salesman  of  gas,  electricity  or  equipment  knows  that 
he  must  base  his  sales  arguments  upon  results  rather  than  means. 
Comparatively  few  lighting  installations  are  sold  to-day  except 
from  an  "engineering"  basis.  The  members  of  this  society  may 
shudder  at  the  blasphemous  use  here  made  of  the  word  "engi- 
neering," but  however  mistakenly  applied,  the  intent  of  the  mod- 
ern salesman  of  energy  and  equipment  is  to  work  along  scientific 
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lines  and  to  employ  such  engineering  data  and  principles  as  he  can 
grasp.  1  [e  may  pervert  these  data  to  selfish  ends,  but  if  the 
data  is  fundamental  and  practical  it  will  stand  upon  its  merits. 
No  one  can  take  liberties  with  absolute  truths — and  few  com- 
mercial men  are  so  foolish  as  to  try. 

The  difficulty,  as  it  appears  to  me  is  that  the  true  en- 
gineers are  overly  interested  in  engineering  for  its  own  sake 
rather  than  tor  the  sake  of  the  public.  Realizing  their  superi- 
ority (in  this  single  subject)  their  effort  is  to  rise  further  from 
the  mass  of  humanity  rather  than  to  assist  humanity  to  reach 
their  level.  This  mental  attitude  is  not  peculiar  to  illuminating 
engineers  ;  it  obtains  among  other  professions  also.  The  highly 
trained  musician  despises  those  simple  melodies  which  you  and 
I  appreciate  and  love.  The  experienced  painter  is  so  engrossed 
in  brush-strokes  and  technique  that  the  masterly  rendering  of  an 
subject  to  him  excels  in  interest  the  simple  translation  of 
beauty  in  form  and  color. 

Yet  the  great  men  in  all  professions  and  in  all  ages  have  been 
those  who  have  simplified  the  involved  and  clarified  the  obscure. 
That,  gentlemen,  is  your  duty  if  we  are  all  to  sell  illumination 
instead  of  equipment. 

DISCUSSION. 

Mr.  li.  C.  Crittenden: — Without  taking  much  time,  I  want  to 
give  one  instance  as  an  illustration  of  the  point  of  view  of  the 
salesman  who  perfers  to  trust  his  "common  sense"  rather  than 
to  put  a  little  study  on  the  fundamentals  of  illuminating  engineer- 
ing, a  point  of  view  which  I  feel  Mr.  Rae  takes  when  he  states 
that  "the  comparatively  few  'scientific'  tacts  available  were  so 
generally  at  variance  with  the  obvious  truth,  that  practically  all 
such  data  had  to  be  corrected  by  a  'common  sense  constant'  to 
make  it  pass  muster."  Xot  long  ago  a  gentleman,  whose  card 
read  "Illuminating  Engineer"  for  a  rather  large  company  which 
deals  in  lighting  fixtures,  came  to  us  to  urge  the  use  of  some 
of  their  reflectors.  One  of  his  chief  arguments  was  that  a  100- 
watt  lamp  with  reflector  gave  85  c-p.  downward  as  shown  by  test 
curve-.  This  statement  apparently  did  n<>t  make  the  impression 
he  expected,  and  after  a  time  he  inquired  confidentiallv  about 
the  reliability  of  the  laboratory  which  had  made  the  curves.     It 
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was  a  laboratory  in  New  York,  which  you  all  know,  and  I 
expressed  my  opinion  of  their  work.  The  gentlemen  replied  that 
he  had  always  heard  that  it  was  reliable,  but  since  they  had  made 
that  curve  he  had  felt  more  or  less  doubtful,  because  he  couldn't 
see  how  a  lamp  which  gave  only  80  c-p.  without  a  reflector  could 
give  85  with  it. 

Mr.  B.  L.  Elliott: — In  regard  to  scientific  information  and 
advertising  which  is  about  the  gist  of  Mr.  Rae's  paper,  he 
apparently  deplores  the  lack  of  it  for  advertising  purposes.  Well, 
now,  suppose  that  the  scientific  information  is  against  you? 
Suppose  you  can't  use  it  to  advertise  that  particular  thing,  then 
what?  Why  then  you  have  got  to  introduce  hot  air  (I  know 
this  because  I  write  advertisements)  and  just  where  and  how  to 
use  science  in  advertising  is  quite  an  art.  My  own  opinion  is 
that  better  not  intermix  them  too  much.  The  public  will  get 
onto  it.  If  you  have  scientific  facts  that  will  further  your  propo- 
sition, let  them  stand  as  scientific  facts,  then  make  your  claims. 
Let  them  further  your  proposition. 

As  to  the  "common  sense  coefficient"  or  factor,  or  whatever 
the  expression  is,  and  the  inference  that  the  highly  trained  en- 
gineer is  not  competent  to  give  a  popular  expression  of  a  thing, 
there  I  take  direct  issue  with  the  author.  In  my  career  I  was  a 
teacher,  and  I  had  the  selection  of  text  books  to  a  greater  or  less 
extent  for  elementary  work,  and  I  invariably  found  that  the 
clear  concise  understandable  elementary  text  book  was  never 
written  by  a  novice;  it  was  always  written  by  a  master  in  the 
art.  Take  chemistry,  for  instance,  Prof.  Remsen,  in  my  judg- 
ment, wrote  the  best  elementary  chemistry  ever  put  out,  a  primer 
of  chemistry,  you  might  say ;  the  same  way  with  geology  and 
the  same  way  all  along  the  line.  The  writers  that  can  make 
scientific  facts  clear  are  not  the  men  who  take  a  lot  of  facts 
three  fourths  of  which  they  can't  understand  and  try  to  predi- 
gest  them  and  feed  them  to  the  public. 

Mr.  A.  J.  Marshall: — I  very  much  disagree  with  the  ideas 
expressed  in  Mr.  Rae's  paper.  Mr.  Rae  is  not  present  at  to- 
day's session.  I  am  quite  sure  that  if  Mr.  Rae  had  followed  the 
proceedings  of  the  convention,  as  one  who  is  interested  in  illumi- 
nation naturally  would  do,  and  had  been  a  cooperator  with  the 
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society,  generally,  he  not  only  would  have  gleaned  much  of  the 
data  that  he  make-  a  plea  for,  but  likewise  would  have  benefited 

society  through  his  suggestions.  While  the  Illuminating 
Engineering  Society  has  not  given  as  much  concrete  data  as 
we  would  have  liked,  yet  no  one  can  deny  the  fact  that  it  has 
been  the  Illuminating  Engineering  Society,  and  those  associated 
with    it.   that    have   created   the   general   interest   in   the   lighting 

I,  and  the  held  in  which  Mr.  Rae  is  interested.  It  is 
also  reasonable  to  suppose  that  some  of  the  findings  of  the 
members  of  the  Illuminating  Engineering  Society  have  acted  as 

rt  of  inspiration  for  Mr.  Rae's  admirable  publicity  work. 

lie  speaks  of  the  engineer  assuming  a  lofty  attitude — pulling 

away  from  the  masses  rather  than  attempting  to  work  with  the 

s.     My  experience  with  engineers,  as  well  as  memhers  of 

other  professions,  does  not  bear  out  such  a  statement.     While  it 

is  true  that  he  who  succeeds  in  advancing  his  understanding  is 

naturally  desirous  of  elevating  himself  to  higher  planes,  yet  it 

i'-  equally  true  that  such  advanced  workers  are  ever  striving  to 

in    raising   mankind    to    higher    levels.      Naturally,    those 

people   who   have  been   able   to  advance   their   thought   are   not 

going  to  recede  because  any  small  class  of  individuals  are  either 

lazy  or  ignorant  to  follow.     It  should  be  remembered  that 

the  most  advanced  thinkers  and  workers  of  any  time  have  been 

persons    who   have   been    "one   of   the    people,"    and    the 

Illuminating    Engineering   Society,   fortunately,   numbers   among 

it--  members  many  men  of  ibis  type.    ,\>  near  as  I  have  been  able 

jcertain,    the    members    of    the    Illuminating     Engineering 

;y  have  evolved  very  much  more  desirable  data  relative  to 

the  use  of  light  than  the  class  of  salesmen  which  Mr.  Rae  refers 

ive  been  able  to  assimilate,  and  such  lack  of  assimilation  is 
not  to  be  charged  to  the  creators,  but  to  the  men  who  have  not 
taken  the  trouble  to  master  it,  even  though  much  of  this  data  is 

ilable  in  quite  simple  form. 

I  here  refer  to  the  rather  odd  view   set    forth  in  the  second 
paragraph  of  the  fourth  page  of  the  paper,  where  Mr.  Rae 
that  "The  highly  trained  musician  despises  those  simple  mel 
which  you  and  T  appreciate  and  love.     The  experienced  painter  is 
in  brush   strokes  and   technique  that  the   masterly 
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rendering  of  an  ugly  subject  to  him  excels  in  interest  the  simple 
translation  of  beauty  in  form  and  color."  I  don't  know  what 
Air.  Rae's  relations  or  acquaintance  with  art  are:  certainly  no 
impartial,  intelligent  investigation  would  substantiate  his  view  as 
just  set  forth.  It  is  commonly  agreed  that  the  higher  a  man 
advances  in  his  particular  profession,  a  musician  or  painter  or 
what  not,  the  more  thoroughly  he  appreciates  simplicity — and 
simplicity  is  art.  If  Mr.  Rae  refers  to  some  wild-eyed,  long- 
haired individuals  who  do  the  things  that  Mr.  Rae  speaks  of  as  a 
fad,  in  order  that  they  may  cater  to  people  of  lowly  taste,  which 
will  mean  revenue,  all  well  and  good,  but  such  type  is  not 
representative. 

No  better  example  need  be  offered  as  to  the  desire  of  the 
members  of  the  Illuminating  Engineering  Society,  to  simplify 
understanding  of  the  work,  than  the  most  excellent  paper  given 
by  Dr.  McAllister  this  morning,  where  he  reduced  to  simplest 
terms  methods  of  calculation.  This  is  but  indicative  of  what  the 
society  is  generally  accomplishing. 

My  suggestion  to  Mr.  Rae,  and  those  for  whom  he  may  speak, 
is  that  he  become  a  worker  in  the  society,  learn  by  observation 
and  association,  and  in  turn  assist  the  society  by  his  presence 
and  constructive  criticism. 

Mr.  Norman  Macbeth : — Mr.  Marshall  has  very  completely 
covered  a  number  of  points  to  which  I  might  have  referred. 
I  am  inclined  to  resent  Mr.  Rae's  indictment  of  the  work  of 
this  society  as  shown  by  its  Transactions,  and  I  doubt  whether 
Mr.  Rae  would  question  my  conclusion  that  there  are  few  adver- 
tising men  who  have  benefited  to  as  great  an  extent  through  the 
work  of  this  society.  It  is  my  impression  that  he  had  to  a  greater 
extent  centralized  the  talking  points  about  "scientific  illumination 
and  scientific  fixtures"  more  than  anyone;  although  he  now 
admits  here  that  the  "few  scientific  facts  available  were  so 
generally  at  variance  with  the  obvious  truth  that  practically  all 
subject  data  had  to  be  corrected  by  a  commonsense  factor  to 
make  it  pass  muster.  The  "three-quarters  of  the  facts  and 
figures  which  were  cited  in  these  educational  articles"  forming  the 
flimsy  and  temporary  bridges  erected  by  the  ad-man,  and  the 
"seemingly  unscrupulous  salesmen"  to  permit  the  manufacturer 
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to  reach  his  customer  have  evidently  sapped  Mr.  Rao's  imagina- 
tion and  it  is  desirable,  at  least  from  the  manufacturer's  stand- 
.  that  Mr,  Kae  have  more  stable  bridge  material  furnished. 
Won't  this  society  please  supply  "the  cold,  hard,  inconvertible 
facts  to  supersede"  the  lilmsy  temporary  structures  above  re- 
ferred to? 

We  are  told  that  "the  customer  does  not  care  at  all  what 
equipment  he  installs.''  Surely  advantage  was  not  taken  of  that 
situation  which  later  has  proven  embarrassing;  otherwise,  this 
campaign,  if  at  all  successful,  must  have  opened  the  doors  of 
many  industrial  establishments  to  new  equipment  and  better 
conditions  of  artificial  illumination.  These  doors  should  still  be 
1  pen  to  the  engineers  of  the  companies  mentioned  for  a  complete 
analysis  of  the  results  of  the  new  installations  which  were  placed 
through  the  strenuous  efforts  of  the  strong  combination  of 
ad-man  and  salesman  who,  as  before  mentioned,  reached  the 
Mier  over  the  bridge  of  imagination.  Surely  valuable  in- 
formation could  be  secured  in  this  manner  which  would  not 
only  bolster  up  the  ad-man's  imagination,  put  new  timbers  into 
the  bridges,  but  would  result  in  a  compilation  of  facts  and  figures 
which  would  in  the  end  constitute  subject  matter,  which  we  can 
thoroughly  agree  with  Mr.  Rae  would  be  exceedingly  valuable 
in  our  Transactions. 

This  plea  reminds  me  of  one  made  a  year  or  two  ago  at  a 
section  meeting,  by  a  central  station  man,  who  appreciated  the 
value  to  his  sales  department  of  a  complete  compilation  of  load 
and  diversity  factors,  and  kindred  information  on  the  use  of 
central  station  energy  in  the  various  classes  of  commercial  and 
office  building  installations,  at  different  periods  and  throughout 
the  year.  The  first  move  by  the  society  to  secure  this  information, 
through  a  committee  of  one  or  more,  would  have  been  to  arrange 
with  this  representative  central  station  for  access  to  its  books, 
from  which  practically  all  of  the  information  desired  could  have 
1   compiled. 

I  believe  that  members  of  this  society  would  take  very  little 
exception  to  an  exchange  of  useful  data,  but  would  quickly 
I  an  exhibition  of  the  spirit  which  has  been  vulgarly  covered 
by  the  phrase  "Let  George  do  it." 
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THE  MANUFACTURE  OF  GLASS  FOR  ILLUMINATING 

PURPOSES.1 


BY    E.    H.    BOSTOCK. 


That  the  author  should  be  asked  to  prepare  a  paper  on  the 
manufacture  of  glass  for  illuminating  purposes  is  an  indication 
of  the  keen  interest  of  the  illuminating  engineer  in  all  that  per- 
tains to  his  business.  For  a  long  time  the  engineer  has  been 
ever  willing  to  admit  that  there  is  something  mysterious  about 
glass-making.  He  has  been  greatly  surprised  when  told  that 
common  sand  is  the  main  component  of  glass ;  and  when  ac- 
quainted with  the  innumerable  crystal  and  colored  glasses  that 
are  made  from  such  a  common  thing  as  sand  his  surprise  has 
approximated  bewilderment.  And  it  is  not  so  long  since  that 
purchasers,  both  large  and  small,  of  glassware  accepted  the  pro- 
ducts offered  by  glass-makers  without  asking  any  questions  about 
them.  The  distance  between  the  manufacturer  and  the  user 
of  glassware  has,  however,  almost  vanished — thanks  to  the  atti- 
tude of  the  manufacturer,  and  the  illuminating  engineer.  Now 
the  illuminating  engineer  who  has  a  problem  in  glass  that 
bothers  him  takes  it  to  the  glassmaker  who  understands  and  is 
able  to  fulfil  the  requirements. 

To  afford  a  clear  understanding  of  the  subject  in  hand,  it  may 
be  well  at  this  point  to  state  broadly  what  is  meant  by  glass, 
Most  of  the  usual  descriptions  of  glass  are  misleading.  Usually 
transparency  is  the  property  of  glass  first  thought  of ;  yet  there 
are  a  goodly  number  of  glasses  which  are  not  transparent,  and 
others  which  are  opaque.  Hardness  and  brittleness  are  also 
characteristics  of  glass  but  not  more  so  than  of  other  bodies. 
Perhaps  the  only  universal  property  of  glasses  is  that  of  being 
amorphous  in  structure.  So  that,  as  a  whole,  glasses  may  be 
regarded  as  structureless  solids. 

Glasses,  too,  are  characterized  by  the  entire  absence  of  any 

1  A.  paper  read  at  the  fifth  annual  convention  of  tne  Illuminating  Engineering 
Society,  Chicago,  September  25,  26,  27  and  28,  191 1. 
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signs  of  structure,  and  their  mechanical,  optical,  and  chemical 
behavior  is  consistent  with  that  found  in  liquids.  In  passing  from 
the  molten  liquid  to  the  solid  condition,  the  change  in  glass  is 
gradual  and  perfectly  continuous.  No  evolution  of  heat  or  retarda- 
tion of  cooling  is  found  at  any  point.  J  hit  the  best  conception 
of  what  glass  is,  and  the  one  that  will  facilitate  an  understanding 
of  what  can  be  done  with  it,  is  to  consider  glass  a  molten  solution 
of  a  number  of  chemical  substances  usually  silicates  of  soda,  lime, 
lead,  and  other  kindred  substances,  cooled  until  their  viscosity 
becomes  so  great  that  the  body  behaves  as  a  solid. 

Theoretically,  one  should  be  able  to  treat  glass,  given  sufficient 
heat,  as  a  liquid,  to  mix  it  to  any  color  or  to  any  specific  gravity; 
to  impregnate  it  to  saturation  with  any  desirable  ingredient,  to 
add  materials  to  emphasize  its  di-electric  properties,  its  heat 
conductivity,  its  coefficient  of  expansion,  or  any  other  property; 
and  then  cool  it  to  such  a  state  of  plasticity  that  it  may  be  worked 
to  the  desired  shape  or  utensil.  Practically,  most  of  these  things 
are  done  to  some  extent ;  and  with  such  a  plastic  material,  much 
more  will  be  done   in  the  future. 

The  ordinary  glasses  of  commerce  are  usually  silicates  of  soda, 
lime,  lead,  and  potash,  varying  according  to  the  use  to  which 
the  article  is  to  be  put,  and  the  way  it  is  to  be  worked.  An  inti- 
mate mixture  of  the  sand,  carbonate  of  soda,  carbonate  of  calcium, 
red  oxide  of  lead,  in  varying  proportions,  is  put  into  a  fire-clay 
pot.  Several  of  these  pots  are  grouped  in  a  furnace  capable  of 
rig  a  temperature  sufficiently  high  to  melt  the  required  ma- 
terials. This  temperature  is  maintained  until  the  glass  has  melted 
out  clear  and  all  the  superfluous  gases  and  impurities  have 
driven  out  of  the  mass.  The  furnace  is  then  cooled  down  till 
the  glass  is  cool  enough  to  work.  Incidentally,  the  usefulness 
of  glass  is  again  apparent  when  one  realizes  that  at  different 
stages  of  its  cooling,  it  may  be  blown,  cast,  pressed,  rolled,  drawn, 
cut,  drilled,  ground,  and  shaped  in  numberless  ways. 

Having  in  mind  the  process  of  working  by  which  the  glass  is 
to  be  shaped,  and  if  other  work  is  to  be  done  upon  it,  how  it  is 
treated  when  cold,  the  glassmaker  must  vary  the  constit- 
uents to  suit  the  need.     The  number  of  chemicals  that  may  be 
in  producing  crystal  glass  for  various  purposes  are  many, 
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being  practically  every  salt  that  will  enter  into  chemical  union  with 
silica  which  is  always  the  base.  For  instance,  about  the  cheapest 
form  possible  to  use  in  cheap  pressed  or  common  blown  goods 
would  be  a  mixture  of  sand  of  at  least  98  per  cent,  silica,  sulphate 
of  soda,  crushed  limestone  and  a  small  quantity  of  ground  car- 
bon. But  while  it  would  be  possible  to  work  this  cheap  glass, 
it  would  be  so  harsh  and  hard  in  nature  that  the  loss  in  working 
and  cooling  would  be  large  and  it  would  be  hard  to  etch  and  cut. 
To  make  a  soft  working  glass  carbonate  of  soda  is  used  in  place 
of  the  sulphate,  and  soft  lime  in  place  of  the  limestone.  This 
makes  an  ideal  glass  to  work  either  hot  or  cold  and  is  the  usual 
glass  for  ordinary  lighting  ware. 

Lime-soda  glasses,  however,  are  not  of  the  most  brilliant  tex- 
ture. To  produce  "brilliant"  glass,  red  oxide  of  lead  is  added 
to  the  mixture,  the  resulting  glass  being  soft  and  having  a  ten- 
dency to  be  a  little  more  homogeneous  than  other  glasses.  Lead 
glass  is  very  easily  worked  when  cold,  and  for  cutting,  drilling 
and  similar  working  it  is  preferred.  The  addition  of  barium 
increases  the  above  mentioned  properties  of  lead  glasses.  Potash 
is  also  used  in  quantity  in  producing  at  less  cost  crystal  glass 
with  properties  resembling  the  lead  glass. 

The  one  point  in  which  great  care  must  be  exercised  is  in  the 
final  cooling  process  which  must  be  of  a  slow  annealing  nature; 
for  if  the  outer  surface  of  any  glass  be  cooled  more  rapidly  than 
the  interior,  then  internal  stresses  will  be  created  which  will 
need  only  a  slight  chance  to  crack  the  article  in  numberless 
ways.  Exceedingly  thin  glass  is  the  only  form  of  glass  ex- 
empt from  this  action. 

Modern  illuminating  glassware  may  be  said  to  have  begun  with 
the  making  of  the  lamp  chimney  of  the  Argand  type.  A  de- 
scription of  the  development  of  the  manufacture  of  this  device 
with  its  numerous  modern  forms  will  serve  well  to  fully  illustrate 
one  largely  used  method  of  working  glass  for  the  market.  The 
usual  lamp  chimney  is  of  a  kind  of  glass  known  in  the  factory  as 
"off-hand"  ware.  This  term  indicates  goods  made  by  the  glass  blow- 
er solely  by  the  aid  of  the  blow  pipe,  with  no  guide  in  its  form- 
ing other  than  the  judgment  of  the  eye  and  the  hand.     The  blow 
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pipe  used  for  small  ware  is  usually  about  one  inch  in  diameter  and 
about  fifty  inches  long,  with  one  end  bunted  up  to  form  a  nose. 
This  nose  the  gatherer,  as  the  workman  is  called,  first  heats  to 
the  temperature  at  which  his  experience  tells  him  the  glass  he  is 
>rk  will  best  stick  to  it — molten  glass  will  not  stick  to  cold 
He  then  places  the  pipe  nose  within  the  orifice  provided, 
it  upon  the  surface  of  the  molten  glass  and  turning  it, 
causes  a  certain  amount  of  the  glass  to  adhere  to  the  pipe.  It 
n  ay  he  that  he  will  secure  enough  to  fashion  the  desired  article. 
If  not,  after  the  glass  has  cooled  sufficiently,  he  will  "gather" 
again  upon  the  cooled  glass  until  the  pipe  collects  sufficient  glass 
for  the  purpose.  He  will  then  blow  down  the  pipe,  distending 
the  glass  to  a  bubble  which  he  will  proceed  to  fashion  in  a  variety 
of  dexterous  ways,  swinging  it  if  it  needs  lengthening,  holding 
up  if  too  hot;  rolling  it  upon  a  flat  surface  if  it  needs  rounding 
off;  if  it  is  to  be  flared,  by  chilling  in  certain  parts  and  heating 
others ;  and,  otherwise  performing  wonderful  and  magical  sleight 
of  hand  work  until  he  forms  the  chimney  or  other  article  into 
the  needed  shape.  The  shapes  that  can  be  made  by  the  blower 
in  this  way  are  infinite  in  number. 

A  very  large  number  of  gas  globes  are  made  by  the  "off 
hand"  process,  and  finished  at  the  edges  and  holder  by  the 
blower  with  small  hand  gages.  The  distinct  advantage  of 
goods  blown  "off  hand"  is  the  fire  polish  finish  of  the  surface. 

In  many  cases  a  glass  with  a  surface  of  this  kind  is  highly 
desirable,  frequently  absolutely  necessary.  It  has  also  a  great 
disadvantage ;  no  matter  how  true  the  eve  of  the  workman  may 
be,  off-hand  ware  will  differ  more  or  less  in  size  and  shape.  To 
overcome  this  difficulty,  as  well  as  to  some  extent  lower  the  cost 
on  this  class  of  ware,  the  "paste  mold"  process  is  resorted  to. 

In  the  latter  process,  after  the  blower  has  gathered  the 
necessary  glass  and  formed  "a  bubble,"  all  sides  of  which  he  has 
kept  about  even  in  thickness,  he  places  the  bubble  between  the 
halves  of  a  mold  of  the  necessary  shape.  This  mold  he  closes,  and 
proceeds  to  inflate  the  enclosed  glass  until  it  fills  the  mold,  ceas- 
turning  it  at  the  same  time  so  that  the  glass  will  take  as 
little  imprint  as  possible  from  the  mold.  Between  the  periods  of 
;   the    mold    is    immersed    in    water,    so    that    the    paste    is 
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kept  damp,  and  when  the  heat  of  the  glass  falling  upon  it  causes 
steam  to  be  formed;  the  steam  acts  as  a  cushion  to  prevent  the 
glass  rubbing  hard  upon  the  mold  surface.  By  this  process,  a 
surface  not  very  inferior  to  fire-polished  is  formed.  But  it  is 
obvious  that  with  the  necessity  of  turning  the  ware  in  the  mold, 
no  article  with  sharp  angles  can  be  made.  This  is  one  of  the 
drawbacks  of  the  paste  mold  process.  Furthermore,  the  article 
n.ust  continue  to  revolve  as  long  as  it  is  in  the  mold,  because  the 
end  cannot  be  removed  by  the  "blow  over''  method.  The  article 
must  be  closed  and  therefore  the  end  must  be  cut  off  and  finished 
when  cold. 

All  blown  ware  is  made  by  blowing  the  glass  into  a  two  piece 
mold  with  the  shape  and  pattern  cut  in  intaglio.  In  this  process 
when  the  glass  distends  fully  to  fill  the  mold,  the  workman  moves 
his  pipe  a  short  distance  from  the  mouth  of  the  mold,  and  blows 
till  the  unconfined  glass  becomes  very  thin  and  finally  bursts,  leav- 
ing the  article  the  true  shape  of  the  mold  and  with  any  design  the 
mold  had  upon  it.  Later  the  article  is  finished  at  the  edges  and 
placed  in  an  annealing  lehr  to  cool.  Almost  any  shape  can  be 
given  to  the  article  in  the  mold ;  and  the  marks  left  upon  the 
glass  by  the  joint  of  the  mold  are  hardly  noticeable. 

Most  of  the  lighting  glassware  used  is  produced  by  one  of  the 
three  blown  methods  just  described.  There  are,  however,  two  other 
processes  by  which  minor  quantities  are  made.  The  first  one  of 
these  is  the  press  method  in  which  the  article  is  pressed  into  the 
shape  of  any  given  mold  or  die  by  a  descending  plunger.  This 
process  dulls  the  surface  considerably  and  is  not  used  extensively, 
except  for  special  basins  where  cut  steel  dies  are  employed  for 
high  relief  designs ;  or  in  the  forming  of  ware  afterwards 
to  be  acid  or  dull  finished.  The  second  method  consists  of 
simply  placing  a  sheet  of  glass  upon  a  shaped  template,  and  sub- 
jecting it  to  heat,  either  by  means  of  blow  pipe  or  kiln,  until  it 
assumes  the  shape  of  the  template.  This  method  is  used  for 
making  bent  lights  for  large  work  from  sheets  of  window  plate, 
and  opalescent  glass  and  has  undoubtedly  been  brought  out  by  the 
recent  vogue  for  bent  glass  shades  in  opalescent  glass.  As  it  is 
possible  to  bend  plate  glass  and  fully  preserve  the  beauty  of  its 
surface,  this  method  is  taking  its  place  in  recognized  use  in  the 
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making  of  large  fixture  glass,  ceiling  dishes,  etc.  Given  the  time, 
there  is  hardly  a  shape  or  size  that  cannot  be  bent  for  these  pur- 
Recently  many  curved  bends  of  peculiar  beauty  of 
curve  have  been  bent   from   polished  plate  glass. 

For  that  matter  almost  any  sheet  or  plate  glass  may  be  bent 
if  care  is  taken  to  heat  and  cool  it  slowly.  Rough  glasses  such 
as  antique,  marine  antiques,  Venetian  and  rough  plate  are  be- 
ing bent  for  use  with  large  lanterns  and  outside  wall  brackets  in 
antique  iron  and  bronze.  By  very  carefully  heating  these  glasses 
it  is  also  possible  to  bend  prism  sheet  glass  for  large  work,  if 
desired,  without  any  disturbance  of  the  angles.  To  match  the 
large  light  opal  globes  used  often  in  bronze  torcheres  and  stan- 
dards it  is  now  possible  to  procure  the  same  glass  in  sheet  form 
and  bend  it ;  and  in  fact  to  procure  and  bend  any  sheet  glass  that 
the  decorative  scheme  may  seem  to  call  for. 

Enough  has  been  said,  without  going  into  manufacturing  de- 
tails, to  show  that  almost  any  shaped  article  can  be  made  for 
lighting  purposes.  In  passing,  however,  it  should  be  remem- 
bered that  the  most  brilliant  surface  is  on  off-hand  ware ;  the 
paste  mold  next,  then  in  order  mold  and  pressed  ware.  Since 
the  advent  of  sheet  glass,  there  is  probably  no  limit  as  to  size 
which  may  be  set  fur  chandeliers  or  fixtures  that  cannot  be  met. 

If  one  has  kept  in  mind  the  definition  urged  previously  in  thi> 
paper,  it  might  be  stated  here  that  molten  glass  can  be  made 
any  color :  this  is  almost  literally  true.  All  colors  are  gotten  by 
the  addition  of  metallic  oxides  to  the  mas\  and  very  great  diffi- 
culties are  sometimes  encountered  in  their  action  at  high  tem- 
perature: but  in  the  end.  these  are  overcome  and  the  expert 
-maker  will  furnish  any  desired  tint  of  color. 

The  question  of  color  so  far  has  interested  the  engineer,  only 

s  nearly  as  possible  a  cer- 
tain color.  For  instance  if  he  desired  a  ruby  glass  it  mattered  not 
if  the  color  were  gotten  with  gold  chloride  or  flaked  copper, 
which  produces  rubies  almost  exactly  similar  in  tone:  and  yet 
there  will  be  differences  in  al  that  mus  lied 

Col  may  be  divided  into  two  groups.     One,  prob- 

ably the  largest,  include-  glasses  in  which  the  coloring  matter 
is  held  in  true  solution  :  that  i«.  it  is  pr<  a  silicate  or  other 

compound  salt  which  i-^  soluble  in  the  The  second  group 
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contains  those  in  which  the  coloring  salt  is  probably  held  in  me- 
chanical suspension  in  a  finely  divisible  form,  approximating  a 
"colloidal  solution."  This  suspension  of  the  particles  of  color- 
ing matter  has  been  proved  by  the  researches  of  Siedentopf  and 
Szigmondi  in  ultramicroscopical  work.  In  ruby  glass,  whether 
of  gold  or  cuprous  oxide,  these  particles  have  been  made  optically 
evident. 

In  glasses  of  the  latter  group  the  color  may  be  altered  by  pro- 
cesses which  involve  heating  and  cooling  at  different  rates.  A 
rapid  rate  of  cooling  produces  a  different  grouping  of  the  min- 
ute particles  and  alters  their  size  or  shape,  or  even  causes  them 
to  go  into  and  remain  in  solution  in  the  glass.  Many  manufac- 
turers have  dearly  bought  the  experience  that  the  dropping  of  fur- 
nace temperature  may  cause  the  production  of  a  very  different 
tint  or  even  distinct  color  from  that  which  he  thought  he  had. 

A  large  number  of  colored  glasses  may  be  produced  by  two  en- 
tirely different  substances ;  but  each  of  these  glasses  will  have 
different  optical  and  absorptive  qualities  making  one  sometimes 
preferable  to  another.  Copper  in  a  cuprous  form  produces  a  great 
variety  of  rubies,  as  also  do  gold  and  selenium,  while  copper 
reduced  to  the  cupric  form  gives  intense  greens.  Silver  gives 
beautiful  ivory  tints  sometimes  approaching  ruby.  Sulphur,  as 
the  sulphide  of  cadmium,  and  the  sulphur  compounds  of  barium 
produce  deep  greens  and  yellows.  Carbon  enters  frequently  into 
glass  as  a  reducing  agent  in  producing  other  colors.  It  may  be 
added  in  almost  any  of  its  numerous  forms  as  their  peculiarities 
serve.  Ground  coke,  charcoal  or  coal  are  used  most  frequently. 
Sawdust,  straw,  and  often,  strange  as  it  may  seem,  potatoes  are 
used  for  certain  ends.  Carbon  in  its  finely  divisible  form  pro- 
duces amber  glass,  for  which  it  is  very  useful.  The  nature 
of  the  fixed  carbon  causes  the  tint  to  persist  despite  any  rapid 
cooling  or  other  practises  in  which  less  stable  colors  will  not 
serve.  Tin  oxide  is  used  to  produce  opal  glass  as  are  cryolite, 
fluorspar,  feldspar,  fluoride  of  aluminum,  calcium  phosphate, 
etc.  Chromium  salts  are  used  for  various  greens  as  are  man- 
ganese for  the  colors  from  pinkish  to  purple  and  nickel  for 
greenish  browns.  Cobalt  is  very  largely  used  in  producing 
blues.  Every  glassmaker  has  his  own  particular  ways  of  mix- 
ing to  produce  desired  colors  and  tints. 
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A  large  number  of  glasses,  however,  are  too  strong  in  oolor  for 
use  in  blowing,  Lighting  glassware,  and  resort  is  had  to  the  flash- 
ing; process  oi  placing  a  very  thin  layer  of  the  color  upon  the  in- 
side of  an  article  of  crystal  glass.  This  is  done  by  having  the 
workman  first  gather  a  small  quantity  of  the  colored  glass  upon 
his  pipe  and  afterwards  the  needed  quantity  of  crystal.  When 
the  article  is  blown  it  has  on  the  inside  a  flash  or  film  of  the  color 
very  evenly  applied.  This  process  also  admits  of  pattern  work 
being  done  upon  the  article  by  the  cutting  or  etching  away  of  the 
flash  in  definite  patterns. 

Before  the  coming  of  the  illuminating  engineer,  the  making 
and  using  of  color  was  in  the  hands  of  the  manufacturer,  who 
often  produced  a  color  that  fulfilled  his  idea  of  a  new  and  strik- 
ing glass  and  proceeded  to  market  it,  hoping  it  would  be  a  "good 
seller."  Now  if  the  color  happened  to  be  a  striking  one,  it 
sometimes  originated  a  "craze"  that  carried  it  into  many  places 
where  it  did  not  belong  and  produced  great  discord  in  many 
schemes  and  in  architecture.  To-day  most  of  theglassmakers' 
products  are  made  for  definite  purposes,  and  according  to  more 
scientific  plans. 

When  employing  color  in  glass,  the  light  source  must  be  taken 
into  account,  if  the  desired  results  are  to  be  considered.  For 
instance,  the  yellow  light  of  a  gas  flame  or  of  some  flaming  arc 
lamps  changes  considerably  the  value  of  any  green  in  glass. 
This  is  true  more  or  less  in  all  cases :  but  it  may  be  avoided  by  the 
f  glass  of  sufficient  complementary  color  power.  Then,  too, 
it  should  be  noted  that  the  cheaper  grades  of  clear  glass  are  not 
crystal.  A  globe  or  shade  may  be  blown  from  cheap  greenish 
This  kind  of  glass  will,  of  course,  affect  the  value  of 
the  light. 

The  problem  of  coloring  glas<  is  now  receiving  more  atten- 
tion than  at  any  time  in  the  past.  Engineers  are  striving  to  get 
the  near-daylight  effect  with  some  of  the  new  lights.  The  color- 
imeter has  shown  about  what  is  needed.  Glasses  have  been  de- 
viled to  screen  out  the  ultra-spectrum  rays  of  light  from  differ- 
ent illuminants.  Schotte,  for  instance,  has  succeeded  in  screen- 
ing out  of  the  ultra-violet  rays. 

Prolonged  exposure  to  light  al-o  has  the  power  to  change  the 
color   of   glass;    strong   sunlight,    exposure   to   ultra-violet    rays, 
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and  the  emanations  from  high  powered  incandescent  gas  man- 
tles all  have  a  tendency  to  tinge  crystal  glass  purple,  if  the  glass 
contains  any  manganese.  Numerous  instances  of  the  latter  phe- 
nomena have  come  to  the  authors  attention.  The  change  of 
course  is  only  slight  and  usually  occurs  in  street  lighting  where  in- 
candescent gas  is  frequently  used  in  high  powered  group  lamps. 
Still  the  engineer  must  note  this  in  cases  of  interior  installa- 
tions where  color  may  count.  In  the  production  of  the 
cheaper  grades  of  crystal  lighting  ware  manganese  is  often 
employed  to  correct  the  green  color  caused  by  the  use  of  inferior 
sand. 

Frequently,  an  illuminating  engineer  will  find  cases  where  it 
is  necessary  to  reduce  the  intrinsic  brilliancy  of  electric  in- 
candescent lamps.  To  do  this  two  methods  are  available :  the 
bulbs  may  be  coated  lightly  with  paint,  or  frosted.  The  latter 
process  is  susceptible  to  great  variations,  depending  principally 
upon  the  strength  of  the  etching  acid  used.  It  remains,  there- 
fore, for  the  engineer  to  specify  the  grade  of  etching  desired. 
As  for  painting  the  bulbs,  this  is  always  a  mere  makeshift,  be- 
cause a  painted  bulb  can  never  attain  the  beauty  of  the  soft 
colored  globe.  Besides  the  coloring  of  the  lamp  bulb  always 
has  a  more  or  less  deleterious  action  on  the  life  of  the  lamp  due 
to  the  increased  temperatures.  Where  the  color  must  be 
changed,  an  enclosing  globe  of  the  desired  tint  should  be  used 
whenever  possible.  This  globe  should,  of  course,  be  of  such 
size  as  to  permit  the  heat  generated  by  the  lamp,  and  by  the  ab- 
sorption effect  of  the  globe  and  coloring  matter  itself,  to  rad- 
iate freely.  In  general  the  deeper  the  tint  used  and  the  farther 
the  tint  departs  from  the  red-yellow  end  of  the  spectrum,  the 
greater  will  be  the  amount  of  light  transformed  into  heat.1 

As  a  matter  of  interest  it  should  also  be  noted  that  acid  etch- 
ing brings  out  the  body  color  of  glass.  Some  beautiful  tints 
may  be  obtained  by  aciding  colored  globes. 

In  connection  with  color,  the  glassmaker  recognizes  a  condi- 
tion that  he  calls  "texture,"  meaning  a  softness  of  tone  which 
causes  one  glass  to  be  preferable  to  another,  although  they  may 
be   of   apparently  the   same   color.     The   general   understanding 

1  P.  F.  Bander,    Trans.  I.  E.  S.,  Feb..   191 1. 


BOSTOCK:      GLASS    R>R    ILLUMINATING    PURPOSKS  847 

is  that  the  glass  of  highest  specific  gravity  and  density  is  usually 
the  "softest*'  to  the  eye. 

In  the  use  of  the  sand-blasted  finish  on  glassware,  the  dirt 
problem  is  introduced.  Rough  finished  glass  globes  will  gather 
dust  and  dirt  and  cause  a  loss  of  light  flux.  Besides  a  rough 
etched  globe  or  reflector  is  seldom  required  to  conceal  a  light 
source.  When  the  loss  from  absorption  and  dirt  is  considered 
there  is  an  apparent  reason  why  the  illuminating  engineer  should 
specify  a  softer  finish  than  "sand-blasted."  A  white  acid  fin- 
ish can  be  made  in  any  intensity  from  that  known  as  "satin" 
down  to  the  more  heavily  etched  finishes.  Usually  a  manufac- 
turer of  glass  has  available  a  number  of  samples  from  which 
the  engineer  may  select  the  finish  best  suited  to  his  requirements. 

The  author  cannot  leave  the  question  of  color  without  be- 
seeching illuminating  engineers  to  study  their  color  problems 
more  carefully.  So  many  beautiful  decorative  schemes  have  been 
spoiled  by  light  of  the  wrong  value,  or  the  desirable  daylight 
effect  ruined  by  globes  whose  surface  color  was  at  variance  with 
the  decorations  and  trim  of  the  room.  Let  the  engineer  study 
the  problem  carefully,  and  if  the  glass  color  he  needs  is  not  found 
a^  once  he  should  keep  on  looking  and  asking  until  he  gets  it. 

REFLECTING  GLASSWARE. 

Reflection  for  concealed  cove  and  molding  lighting  is  appar- 
ently solved  by  the  use  of  the  ordinary  silvered  fluted  glass  of 
commerce.  For  such  purposes  it  gives  the  greatest  known  effi- 
ciency under  the  conditions  but  the  avoidance  of  the  glare  by 
those  who  must  necessarily  face  it  in  footlight,  proscenium  and 
chancel  arch  lighting,  is  more  difficult;  though  the  adoption  of 
the  gold  backed  reflector  as  now  used  to  take  the  glare  out  of 
electric  headlight  reflectors  will  undoubtedly  help  when  used 
for   this   purpose. 

The  manufacture  of  diffusing  and  reflecting  illuminating  glass- 
ware, has  been  taken  up  very  thoroughly  by  one  company 
whose    data    and    photometric    readings    are    in    the    hands    of 

'   lighting  engineers.     This  =ame  data  i<  very   full.     Know- 
ing the  angle  of  deflection,  it  i<  only  a  question  of  mathematics 

ay  at  what  angles  the  prisms  of  glass  shall  be  arranged  to 
catch  and  project  light  from  any  given  light  source  in  any  di- 
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rection,  and  by  arranging  the  prisms  to  the  strength  of  light 
flux  to  make  almost  a  perfect  distribution.  The  use  of  such 
ware  is  growing ;  and  with  it  of  course  some  abuses  are  creeping  in. 
Imitation  ware  of  incorrectly  calculated  and  arranged  angles  and 
inferior  glass  produce  a  variety  of  poor  and  undesirable  results. 
Such  ware  must  be  used  with  discretion. 

For  ceiling  reflection,  where  the  ceiling  may  be  a  dark  and 
absorbent  color,  the  use  of  glass  reflectors  is  advised.  The 
highest  efficiency  of  course  is  obtained  with  silvered  fluted  glass. 
Dense  white  opal  glass  is  also  effective.  Both  these  glasses  may 
be  gotten  in  any  shape.  The  fluted  reflectors  may  be  obtained  by 
bending  the  sheet  glass,  as  may  be  the  opal  glass,  if  the  proper 
shaped  reflector  is  not  made  in  blown  goods. 

The  question  of  diffusion  has  been  studied  a  little  further  in 
the  matter  of  concealed  dome  lighting  where  high  powered 
lamps  are  used  above  a  decorative  glass  dome.  It  is  evident 
that  brilliant  spots  and  dense  shadows  would  entirely  spoil  the 
effect  aimed  at  in  the  glass  work,  and  also  detract  from  the 
beauty  of  the  room.  So  diffusive  sheet  glasses  have  been  de- 
vised and  are  now  made  that  break  up  the  light  and  leave  the 
domed  ceiling  apparently  one  even  glow  of  light,  and  with  an 
exceedingly  small  absorption  of  light  flux.  For  diffusive  light- 
ing the  newest  and  the  best  development  is  that  of  the  already 
well  known  phosphate  glasses.  The  phosphate  glass  is  the  only 
glass  which  is  not  a  clear  colored  solution;  for  it  holds  in  a 
state  of  suspension  innumerable  particles  of  an  opaque  white 
color.  Each  one  of  the  particles  catches  and  breaks  up  the  light 
causing  its  diffusion  over  a  wide  area.  By  the  use  of  phosphate 
glass  a  light  source  may  be  concealed  so  as  to  emit  a  soft  and 
restful  light.  Moreover,  this  glass  enables  diffusive  illumina- 
tion to  be  obtained  without  the  use  of  either  sand-blasted  or 
prismatic  globes,  thereby  avoiding  the  collection  of  dirt  which 
reduces  the  light  flux.  It  can  also  be  worked  into  any  shape  by 
blowing  and  pressing.  The  author  believes,  too,  that  no  difficul- 
ties would  be  encountered  in  coloring  it,  although  he  has  never 
seen  it  done.  The  inherent  qualities  of  this  glass  will  probably  in- 
troduce a  lot  of  imitations.  The  ordinary  opal  glasses  of  com- 
merce are  finished  to  resemble  the  phosphate  glass,  but  they  are 
lacking  in  several  respects,  principally  in  the  element  of  diffus- 


bostock:    glass  for  illuminating  purposes  849 

ion.  A  close  examination  by  a  sharp  eye  will  disclose  the  sus- 
pended   particles   in   the    real   glass. 

Undoubtedly  there  will  be  a  big  demand  for  this  glass,  par- 
ticularly in  large  public  building  fixtures  where  it  will  be  needed 
in  large  sizes.  At  present  it  is  being  marketed  in  sheet  form 
from  which  any  shape  and  size  may  be  bent. 

At  this  time  also  a  number  of  alabaster  glasses  are  being  de- 
signed to  give  the  exact  effect  of  the  true  carved  alabaster  and 
they  succeed  very  well  in  doing  this.  The  engineer  may  have 
bowls  pressed  in  some  of  the  old  hand  carved  designs,  and  have 
them  finished  into  very  beautiful  fixtures,  having  none  of  the 
discolorations  which  often  appear  on  true  alabaster. 

Opalescent  glass,  while  it  has  been  used  in  recent  years  is  not 
of  much  interest  to  the  engineer.  It  must  be  considered  as  a 
decorative  glass ;  for  as  used,  it  is  too  absorbent,  and  its  colors 
are  too  wild  and  variant  to  be  of  much  practical  use  decoratively. 
For  portable  and  dining  room  shades,  etc.,  though,  it  will 
probably  remain  in  vogue  for  some  time. 

There  is  one  grade  of  this  glass  known  as  Eutruscan  opal 
coming  in  several  densities  with  a  "granite"  surface  treatment 
which  has  a  reasonably  low  absorption  coefficient  and  produces 
very  beautiful  effects.  Other  forms  of  opal  glass  with  depolished 
and  otherwise  treated  surfaces  are  used  for  several  makes  of 
reflectors,  where  the  reflection  is  largely  diffuse  surface  reflection 
and  there  is  little  or  no  loss  due  to  the  light  having  to  pass 
through  the  glass  body  as  in  prismatic  and  mirrored  reflectors. 
The  appearance  of  this  glassware  is  very  fine.  The  glass  is  made 
in  several  densities  the  lighter  densities  sacrificing  efficiency  for 
flame  and  other  translucent  effects. 

Xo  word  has  been  said  about  the  incandescent  bulb  itself; 
and  there  is  little  to  be  said.  Only  a  few  variations  from  the 
ordinary  shape  have  been  tried;  but  there  can  be  no  useful 
purpose  served  except  to  fit  certain  size  openings,  or  afford  a 
prismatic  surface  and  thus  diffuse  the  light.  Of  course,  it  is 
hie  to  produce  any  color  of  bulb  which  might  be  called  for, 
if  sufficient  quantities  to  make  it  commercially  possible  are  de- 
manded. 

In  daylight  problems,  the  engineer's  chief  concern  will  be  to 
redirect  the  daylight  in  as  much  as  may  be  possible  to  the  points 
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of  an  interior  where  it  is  needed.  It  may  be  taken  for  granted  that 
the  architect  will  attend  to  the  size  of  windows,  skylights,  domes, 
etc.,  although  the  engineer  has  often  been  called  in  when  these  have 
proved  inadequate.  The  chief  help  in  getting  the  needed  day- 
light into  a  building  is  prismatic  glass  of  some  form  or  angle. 
By  prism  glass,  is  meant  any  flat  glazed  glass  with  prisms  so 
arranged  upon  its  surface  to  catch  the  falling  light  and  deflect 
it  into  the  building.  The  different  types  are  the  pressed  prisms, 
rolled  prism  sheets,  blown,  fluted  and  illuminal  glasses.  The 
first  two  are  mainly  used;  and  in  the  case  of  the  latter  of  the 
two,  definite  data  is  easily  available  for  the  engineer,  in  which 
a  formula  is  evolved  from  the  height  of  surrounding  buildings, 
and  width  of  street,  etc.,  to  find  the  angle  giving  approximately 
a  horizontal  light  flux  into  the  building,  and  a  whole  series  of 
different  angled  glasses  are  furnished  at  call  to  meet  most  of 
the  needs  that  arise.  The  smaller  pressed  prisms  in  any  angle 
are  also  available ;  but  they  necessitate  many  metal  or  wooden 
strips  to  hold  them  in  place,  thereby  casting  shadow,  and  hold- 
ing dirt  so  that  the  use  of  the  sheet  prism  is  advised  wherever 
possible. 

One  great  objection  to  the  use  of  prism  glass  has  always  been 
that  its  sharp  drawn  straight  lines  do  not  conform  to  any  dec- 
orative scheme,  and  it  therefore  always  seems  misplaced.  Re- 
cently, however,  a  wavy  lined  prism  glass  was  marketed.  This 
glass  at  any  certain  section  shows  a  true  definite  angled  prism, 
but  its  wavy  line  enables  it  to  be  used  with  ease  in  decorative 
schemes. 

The  fluted  glass,  which  was  the  forerunner  of  prismatic  light- 
ing, is  not  as  good  in  deflection  on  account  of  its  shallow  prisms; 
but  its  blown  surface  is  smoother  and  less  retardant  than  the 
other  rolled  glasses,  and  it  can  be  used  to  advantage  in  leaded 
glass  combinations  for  minor  lighting  requirements. 

In  skylight  lighting  where  it  is  desirable  to  reach  the  side  walls 
with  a  maximum  light  flux  a  double  arrangement  of  prisms  must 
be  resorted  to.  This  involves  a  rather  intricate  problem,  but  it 
can  be  figured  out  successfully. 

At  this  point  it  occurs  to  the  author  that  there  are  many  points 
of  difference  between  glasses,  colors,  shapes,  etc.,  that  have  been 
left  unsaid,  and  that  even  the  main  points  have  been  mentioned 
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only  briefly.  The  limits,  however,  of  a  paper  of  this  kind  are  of 
necessity  narrow.  But  the  main  point  which  the  author  has  tried  to 
emphasize  is  that  glass  is  an  exceedingly  mobile  material  with 
which  to  work,  and  that  by  some  known  or  used  process  or 
elaboration  glass  may  be  produced  almost  any  shape,  size  or 
for  whatever  needs  an  engineer  may  have  in  lighting  prob- 
lems. 

DISCUSSION. 

Mr.  I '.  R.  Lansingli : — On  the  fifth  page  of  Mr.  Dostock's  paper 
is  the  statement,  "This  process  dulls  the  surface  considerably  and 
I  used  extensively,  except  for  special  basins,"  etc.  He  is 
perfectly  correct  in  that  the  process  dulls  the  finish  of  the  glass. 
This  method,  however,  is  used  extensively  inasmuch  as  all 
prismatic  reflectors  are  manufactured  by  the  molding  process.  If 
one  takes  a  reflector,  or  a  piece  of  glassware,  coming  out  from 
such  a  mold  and  examines  it  under  a  magnifying  glass — and  the 
glass  doesn't  have  to  be  very  powerful  either,  the  ordinary  little 
glass,  fairly  strong,  will  do — little  ridges  and  crinkles  in  the 
surface  of  the  glass  will  be  found.  These  are  due  to  the  cooling 
of  the  glass  in  the  mold  at  unequal  rates,  and  inasmuch  as  we 
are  dealing  with  light  rays  we  will  find  that  these  interfere  more 
or  less  with  the  reflection  or  refraction  of  the  light,  as  the  case  may 
Xow,  in  order  to  overcome  this,  the  reflector  is  placed  in  a 
furnace  of  gas  and  all  these  little  specks  or  striations  are  melted 
■  suiting  in  an  extremely  high  fire-polish  which  is  equal  to 
the  first  type  of  glassware  mentioned  here,  namely,  the  off-hand 
process.  So  that  with  a  finished  reflector  of  this  type  as  high  a 
surface  brilliancy  as  is  known  in  glass  making  is  obtained,  pro- 
vided it  is  fire  polished  correctly. 

On  the  twelfth  page  of  the  paper  Mr.  Bostock  says:  "Other 
forms  of  opal  glass  with  depolished  and  otherwise  treated  sur- 
faces are  used  for  several  makes  of  reflectors,  where  the  re- 
flection is  largely  diffuse  surface  reflection  and  there  is  little  or 
no  loss  due  to  the  light  having  to  pass  through  the  glass  body  as 
in  prismatic  and  mirrored  reflectors."  I  would  like  to  comment 
briefly  on  that  statement.     In  mirrored  reflectors  the  light — I  am 
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speaking  now  of  commercial  reflectors — passes  through  the  glass, 
is  reflected  from  the  mirrored  surface  of  the  back  and  then 
through  the  glass  again,  entailing  a  double  loss  in  passing 
through  the  glass.  This  is  also  true  in  the  case  of  prismatic 
glass  where  the  light  passes  through  the  surface  glass  to  the 
prisms,  then  across  and  back  through  the  surface  glass  and  out 
of  the  mouth  of  the  reflector.  In  both  cases  there  is  a  loss.  How- 
ever, inasmuch  as  the  light  passes  through  a  medium  of  clear 
glass  this  loss  is  extremely  small — in  the  neighborhood  of  a  com- 
paratively few  per  cent.,  not  over,  probably,  ten  or  twelve  at 
the  maximum.  Mr.  Bostock  seems  to  think  that  opal  glass  re- 
flects largely  from  the  surface  particles  of  opal.  I  think  that 
is  entirely  wrong.  If  that  were  true,  one  could  take  an  extremely 
thin  envelope  of  opal  and  it  would  be  as  good  a  reflector  as  a 
thick  one.  As  a  matter  of  fact,  that  isn't  true.  Opal  glass  to 
be  at  all  efficient  as  a  reflector  outside  of  the  surface  reflection, 
which  is  common  in  all  forms  of  polished  glass,  must  have  con- 
siderable thickness.  In  the  case  of  a  glass  like  Alba  where  there  is 
colloidal  suspension  one  finds  that  the  reflection  is  compara- 
tively small,  and  the  absorption  consequently  is  small.  In  other 
words,  the  light  passes  through  the  glass  with  comparatively 
small  absorption  and  is  not  reflected  inasmuch  as  the  particles 
are  close  together.  For  example,  the  figures  given  in  Mr. 
Young's  paper  show  that  of  a  total  flux,  not  of  the  lamp  but  of 
the  resulting  flux,  only  sixty-three  per  cent,  is  below  the  hori- 
zontal and  the  balance  is  above,  showing  that  the  total  reflected 
light  is  comparatively  small.  In  the  case  of  the  milk  opals  one 
finds  that  in  order  to  get  good  reflection  there  must  be  con- 
siderable density  because  the  light  penetrates  into  the  glass  and 
is  reflected  not  only  from  the  surface  of  it,  but  from  the  clear 
glass  back.  As  a  matter  of  fact,  the  outer  skin  of  an  opal 
reflector  plays  an  extremely  important  part  in  the  reflection. 
The  light  is  reflected  from  the  opal  particles  to  the  outer  skin, 
and,  striking  as  it  does  in  many  cases  the  less  than  critical  angle 
is  totally  reflected  back  into  the  reflector,  through  the  opal 
and  out  of  the  mouth  of  the  reflector ;  and  this  plays  an  ex- 
tremely important  part.     The  matter,  however,  has  been  gone 
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Into  quite  fully  in  the  paper  which  I  gave  in  the  John's  Hopkins 
lecture  course.1 

Mr.  J.  R.  Cravath'. — There  is  a  need,  which  some  of  us  have 
felt,  for  a  certain  kind  of  glassware  which  apparently  the  manu- 
facturers have  not  yet  met  to  any  extent.  I  would  like  to  call 
attention  to  it  here  in  the  hope  that  more  thought  may  be  directed 
along  that  line.  Frequently  a  glass  perfectly  smooth  is  required, 
SO  that  it  can  be  easily  cleaned  and  yet  have  about  the  diffusing 
qualities  of  ground  glass.  Such  glass  is  needed  in  the  making  of 
skylights  above  which  it  is  some  times  necessary  to  place  lamps 
with  reflectors  :  or  in  the  manufacture  of  lanterns  either  of  wood 
or  metal  at  the  bottoms  of  which  is  required  diffusing  glass  of 
very  light  absorption  which  will  not  show  the  lamp  filaments.  If 
there  was  available  at  any  fixture  manufacturer  or  glass  house  a 
in  large  flat  plates  that  would  have  about  the  absorption 
and  diffusing  quality  of  ground  glass  and  yet  not  have  the  rough-* 
of  ground  glass,  I  think  it  would  be  a  very  desirable  thing. 
At  the  present  time  ground  glass  has  to  be  used,  and  you  all 
know  that  it  is  only  a  short  time  until  that  gets  dirty  and  it  can 
never  be  thoroughly  cleaned  after  it  i-  once  very  dirty; 

1  Lecture*  on  Illuminating  Engineering.  (Johns  Hopkins  Univ.  Press),  vol.  I.  p 
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SYMPOSIUM  ON  ILLUMINATING  GLASSWARE.1 


INTRODUCTION. 


BY    BASSETT    JONES,,    JR. 


It  has  seemed  to  the  committee  on  papers  that  there  are  sev- 
eral subjects  which  bear  a  very  close  relation  to  the  profession 
of  illuminating  engineering  which  have  been  treated  before  the 
society  in  a  more  or  less  spasmodic  or  one  sided  way.  It  has 
seemed  wise  that  an  attempt  should  be  made  from  time  to  time 
to  gather  together  into  one  place  the  best  thought  and  knowledge 
available  in  these  subjects  and  so  present  what,  for  lack  of  a 
better  term,  is  called  a  symposium  on  these  subjects. 

It  was  the  desire  of  the  committee  to  have  presented  at  the 
191 1  convention  of  the  society  a  series  of  papers  dealing  with  re- 
flectors in  general,  both  glass  and  metal.  The  papers  on  metal 
reflectors  were  not  attainable,  however,  as  all  bwt  one  of  the 
gentlemen  who  were  asked  to  contribute,  like  many  of  those  who 
were  approached  by  the  committee  on  other  subjects,  pleaded 
pressure  of  other  matters.  This  it  should  be  understood  is  noth- 
ing unusual.  Indeed  it  is  the  fate  of  every  paper's  committee  to 
be  compelled  to  fill  gaps  in  a  hoped  for  program  by  more  or  less 
irrelevant  matter  obtained  either  by  force  or  suasion  from  other 
gentlemen,  either  not  so  pressed  with  business  or  who  fortunate- 
ly have  the  good  of  the  profession  close  at  heart.  For  this  rea- 
son the  committee  has  had  to  withdraw  Mr.  Marshall's  interesting 
contribution  on  the  metal  reflectors  which  was  included  in  the 
system  he  described  in  following  symposium. 

The  committee  believes  that  there  is  much  more  to  be.  said 
on  the  subject  here  presented  that  can  be  encompassed  under  the 
title  "reflectors,"  merely.  And  it  is  to  be  noted  that  each  of  the 
three  gentlemen  who  have  entered  into  the  scheme  of  this 
symposium  harp  more  or  less  forcibly  on  the  fact  that  in  many, 

1  A  paper  read  at  the  fifth  annual  convention  of  the  Illuminating  Engineering 
Society,  Chicago,  September  25,  26,  27  and  28,  1911. 
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if  not  most  cases,  the  science  of  illumination  must  give  way  to 
the  art  of  the  illumination.  The  feeling  is  rife  among  all  il- 
luminating engineers  that  lighting  devices  which  give  light  by 
which  to  see  must  in  themselves  be  pleasant  to  see.  This  is 
evidenced  on  the  part  of  manufacturers  of  reflectors  by  the  con- 
stant modifications  of  reflectors  at  first  designed  solely  with  re- 
gard to  the  dictates  of  science,  toward  shapes  and  forms  in  which 
beauty  makes  itself  more  and  more  apparent — often,  if  not  al- 
ways, resulting  in  a  loss  of  prestige  of  that  high  priest  of  en- 
gineering, efficiency. 

It  may  not  be  out  of  place  to  add  here  brief  references  to  two 
other  papers  which  with  the  foregoing  symposium  were  intended 
to  provide  a  complete  program  for  one  whole  session  of  the 
convention — "The  Manufacture  of  Glass  for  Illuminating  Pur- 
poses" by  Mr.  E.  H.  Bostock,  and  "Requirements  of  Mod- 
ern Reflector  Design"  by  Mr.  F.  L.  Godinez.  Glass  working  as 
an  art  has  had  a  conspicuous  revival  during  recent  years,  and 
Mr.  Bostock  has  written  down  how  all  sorts  and  kinds  of  won- 
derful and  beautiful  effects,  which  open  an  almost  unlimited 
field  to  those  concerned  with  lighting  problems,  can  be  obtained. 
Glass  is  one  of  the  principal  mediums  with  which  the  illuminating 
engineer  can  work,  and  it  behooves  him  to  acquire  such  a  famil- 
iarity with  its  nature  and  possibilities  which  alone  can  give  him 
the  necessary  facility  in  its  use. 

Mr.  Godinez  in  his  paper  directs  attention  to  some  important 
factors  which  influence  the  manufacture  and  design  of  reflectors 
and  glassware  for  present  day  use. 

The  committee  has,  therefore,  included  as  part  the  program 
of  papers  for  the  191 1  convention  of  the  society  first,  Mr.  Bos- 
tock's  paper  dealing  with  the  nature  of  glass  and  what  may  be 
done  with  it;  second,  the  three  papers  by  Messrs.  McCormack, 
Marshall  and  Young  giving  accounts  of  what  has  been  done 
in  three  different  manufactories  where  glass  is  fashioned  into 
"illuminating  glassware,"  and  lastly,  Mr.  Godinez's  paj>er  show- 
ing how  various  effects  are  and  may  be  obtained  with  different 
kinds  of  glass  treatment  and  illustrating  how  fertile  a  field  lies 
open  to  the  experimenter  in  this  line. 
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PART  I. 


BY    GEORGE    H.    MCCORMACK. 


In  the  manufacture  of  reflecting  and  diffusing  glassware  it 
is  necessary  to  consider  many  other  problems  than  the  obtaining 
of  distribution  curves  of  various  forms.  In  all  sections  of  the 
country  lighting  companies  are  organizing  what  is  termed  city 
beautiful  campaigns,  and  these  have  a  most  important  bearing 
on  reflector  design.  While  many  of  these  campaigns  are  con- 
fined to  street  lighting  improvements,  they  ultimately  result  in  a 
desire  on  the  part  of  the  merchant  to  improve  his  own  in- 
stallation. And,  of  course,  while  every  one  understands  that 
in  lighting  installations  of  the  better  sort  the  fixtures  and  re- 
flectors are  specially  designed  and  specified  by  the  architect 
to  harmonize  with  the  historic  ornament  of  the  architectural 
period  portrayed,  there  has  been  a  fallacious  opinion  up  to 
the  present,  that  in  the  ordinary  store  or  office  installation  any 
arrangement  of  the  lighting  accessories  which  tended  to  pro- 
duce "uniform  illumination"  would  meet  all  the  requirements. 
On  the  contrary,  and  from  both  the  viewpoint  of  the  public 
and  the  lighting  company,  installations  of  that  sort  are  most 
undesirable.  This  is  because  they  react  against  the  interest 
of  the  lighting  company  by  causing  the  merchant  to  feel  that 
he  has  little  or  no  choice  in  the  selection  of  his  equipment,  and 
the  public  influence  therefrom  is  to  discourage  originality  and 
appearance  in  illumination  design.  Then,  too,  a  merchant  does 
all  he  can  to  make  the  interior  of  his  shop  entirely  different 
from  those  of  his  competitors',  and  just  as  unlike  any  other 
shop  as  possible,  with  the  exception  of  his  lighting  system 
which  is  generally  a  duplicate  of  the  sterotyped  fixtures  and 
reflectors  which  have  become  commonplace  on  account  of  in- 
artistic appearance.  How  to  avoid  monotony  in  design  is'  =one 
of  the  most  difficult  and  important  problems  which  must  be 
solved  by  the  manufacturer  of  shades  and  reflectors ;  for 
he  must  not  only  allow  sufficient  latitude  in  design  to  con- 
form the  lines  and  proportion  of  his  product  to  the  sketches 
of  the  architect,  but  he  must  also  eliminate  any  prominent 
and    undesirable   characteristic    features    which    when    identified 
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with  commercial  reflectors  would  naturally  prohibit  the  adop- 
tion  of   more  artistic   types  having  the   same    feature. 

At  the  present  moment  there  is  no  problem  of  greater  im- 
port to  the  manufacturer  than  this  particular  subject  of  mo- 
notony in  lighting  installations,  and  it  can  only  be  solved  by 
care full\-  analyzing  the  trend  of  public  sentiment,  and  then  de- 
signing efficient  units  which  must  offer  from  the  esthetic  view- 
point a  wide  and  pleasing  choice  to  the  consume!-. 

In  connection  with  eye  strain  the  subject  of  intrinsic  bril- 
liancy is  another  problem  which  demands  serious  consideration, 
but  not  to  so  great  an  extent  when  designing  reflectors  with 
a  depolished  inner  surface  giving  perfect  diffusion.  When  one 
considers  the  tremendous  increase  in  intrinsic  brilliancy  of  our 
illuminants  within  the  last  few  years  and  realizes  how  the 
eyesight  of  a  nation  has  suffered,  the  method  of  procedure  of 
the  manufacturer  should  be  plain.  Reflectors  of  clear  glass  which 
act  by  specular  reflection  produce  a  decided  and  objectional  glare 
effect,  and  all  attempts  to  decrease  glare  from  such  units  by 
etching  or  similar  means  of  treatment  have  been  attended  by  a 
in  efficiency  which  does  not  compare  favorably  with  the 
results  attained  from  opal  reflectors  with  special  depolished 
inner  surfaces.  Conservation  of  vision  demands  that  the  mod- 
ern reflector  must  be  of  a  type  which  can  be  directly  scrutinized 
from  below  with  perfect  eye  comfort;  and  evidently  such  a 
reflector  must  have  an  inner  surface  free  from  spots,  streaks  and 
lines  of  high   intrinsic  brilliancy. 

(  >ne  of  the  most  difficult  things  for  the  manufacturer  to 
realize  is  that  he  must  refrain  from  unloading  an  unimproved 
product  in  supplying  a  demand  which  exists  through  public 
ignorance.  Instead  he  should  constantly  endeavor  to  meet  the 
changing  conditions  of  progress  and  civilization  by  modifying 
his  product,  even  at  a  less  profit  for  the  time  being.  More- 
over, the  day  has  come  when  hygiene  of  vision  and  recogni- 
tion   of    artistic    considerations   must   be   observed. 

Another  fact  that  is  often  lost  sight  of  is  thai  differences  of 
efficiency  between  anv  two  different  kinds  of  properly  designed 
reflectors  of  the  same  general  type  are  entirely  insignificant. 
It  is  true  that  a  variation  in  light  distribution  curve  may  be 
effected  by  changing  the  shape  of  a  reflector  acting  by  specular 
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reflection  from  a  polished  inner  surface ;  but  such  a  change 
is  always  accompanied  by  a  glare  effect,  which  renders  the  unit 
not  only  disagreeable  to  look  upon,  but  also  productive  of 
additional   glare   from  the   impingence   of   direct,    reflected   rays 


Fig.  1.— A  reflector  with  a  depolished  surface  (on  the  left)  and  a  similar  reflector 
with  a  polished  surface. 

of  light  from  the  polished  surfaces  of  furniture,  pictures,  mir- 
rors, a  reading  page,  wall  paper  and  ornaments — all  of  which 
contribute   to   eye   strain   and   discomfort. 

In  figure  1  the  two  illustrations  tell  this  story  much  better  than 
words.  The  plate  of  the  camera  of  course  shows  what  the  retina 
of  the  eye  would  feel.     The  reflector  on  the  left  is  an  opal  re- 
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-Distribution  curves  from  the  reflectors  shown  in  fig.  1. 
curve  is  on  the  left.) 


(The  depolished  reflector 


Hector  with  its  special  depolished  inner  finish.  The  one  on  the 
right  is  of  the  same  type  of  reflector  with  an  untreated  or  polished 
inner  surface. 

Figure  2  shows  the  distribution  curves  from  these  reflectors, 
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and  from  which  it  is  evident  that  modification  without  glare 
accompanies  the  distribution  of  the  reflector  with  the  depolished 
inner  surface. 

Figure  3  shows  the  distribution  curves  for  a  flat  type  opal  re- 
flector.    The  reflector  on  the  left  has  a  treated  inner  surface,  but 
me  on  the  right  has  not.     Naturally  a  reflector  of  a  flat  type 


Fig.  3.  —Distribution  curves  from  a  flat  type  opal  reflector.     (The  curve  on  the  left  is  from 
a  depolished  reflector  :  the  one  on  the  right  from  a  polished  reflector.) 

intercepts  less  of  the  horizontal  flux  from  the  source,  and  con- 
sequently  there  is  less  difference  in  the  shape  of  the  curve  than  in 
the  case  of  the  bowl  type  of  reflector  which  practically  covers  the 
illuminant.  But  here  again  one  is  confronted  with  the  factor  of 
glare,  for  the  flat  reflector  offers  too  great  an  area  of  visible  pol- 
ished  inner  -urface;  while  the  depolished  inner  surface  of  the  flat 
type  produces  no  glare  whatsoever. 

But,  as  previously  stated,  there  are  other  considerations  of  more 
importance  than  the  variation  of  distribution  of  light  flux  from 


Fig.  4.— Typical  opal  reflectors. 

reflectors  of  a  similar  type.     For  example,  the  factor  of  appear- 
ance, which  has  received  but  slight  recognition  in  the  past,  must 

msidered.     With  reference  to  opal  glass  the  transmissi 
light  through  it  is  accompanied  by  perfect  diffusion    from  the 
minute  particles  of  opal  suspended  within  tl  .  and  it  is  this 
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effect  which  lends  the  sparkle,  color  and  life  characteristic  of 
opal  in  reflector  or  enclosing  bowl  form.  By  changing  the  density 
of  such  glass  one  can  also  obtain  the  most  beautiful  effects  by 
varied  transmissions  of  light. 

It  is  necessary  in  the  manufacture  of  reflectors  to  provide  for 
a  useful  distribution  of  the  light  flux  without  interfering  in  any 
way  with  any  exterior  ornamentation  or  variation  in  form  which 
the  architect  might  consider  proper.  In  preparing  reflectors  of 
opal  with  depolished  inner  surfaces,  care  is  taken  to  leave  the  out- 
er surface  so  that  it  can  be  molded  in  conformation  with  any 
artistic  treatment.  Aery  often  exterior  designs  can  be  made  in 
the  mold  so  that  they  stand  out  on  the  surface  of  the  glass  in 
strong  relief.  Then,  since  this  gives  added  thickness  to  the 
glass  at  these  points,  the  absorption  is  consequently  greater  and 
the  designs  offer  a  pleasing  contrast  with  the  mellow  tone  of 
their  background.  The  varied  appearance  of  such  design  is  limit- 
ed only  by  the  artistic  precept  of  the  designer  and  the  limita- 
tions of  harmony  with  historic  ornament.  In  the  use  of  glass- 
ware with  fixtures — and  it  is  ridiculous  to  consider  them  as 
separate  factors — the  harmony  of  the  contour  of  reflectors  with 
the  proportion  and  line  of  the  fixture  must  be  maintained. 

It  is  only  by  constantly  changing  a  product  to  meet  the  re- 
quirements of  constantly  changing  conditions  that  a  manufacturer 
of  reflectors  may  hope  to  achieve  success  and  feel  that  he  has 
done  his  best  to  better  the  conditions  of  civilization  by  an  ob- 
servance of  those  ethics  which  to-day  are  being  given  but  slight 
recognition  in  the  commercial  field  of  artificial  illumination. 
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PART   II. 


BY    ALBERT    TACKSON    MARSHALL. 


The  Holophane  system  of  illumination  has  as  its  object  the 
control  of  artificial  light  in  a  manner  which  will  satisfy  the  phy- 
siological, psychological,  esthetic  and  physical  features  involved. 
How  this  is  accomplished  is  described  in  this  article. 

The  Holophane  system  of  illumination  was  the  first  to  em- 
ploy prismatic  globes  and  reflectors  having  as  their  chief  merit, 
the  efficient  control  of  light  from  various  forms  of  artificial  il- 
luminants.  In  the  older  types  of  these  globes,  having  both  in- 
ternal and  external  prisms,  a  low,  uniform,  intrinsic  brilliancy, 
in  addition  to  efficient  distribution  of  light,  is  obtained.  The 
globes  and  reflectors  in  this  system  are  designed  for  all  forms 
of  light  distributions,  which  is  accomplished  by  the  use  of  scien- 
tifically designed  prisms  made  of  glass  having  a  high  index  of 
refraction,  molded  into  various  enveloping  formations.  This 
system.  a<  it  was  then  developed,  was  presented  in  a  paper1  be- 
fore the  Pittsburg  section  of  the  Illuminating  Engineering  So- 
ciety. April  13,  1907.  Since  that  time  a  number  of  changes  and 
additions  have  been  effected,  which,  together  with  a  review  of 
the  features  cited  in  the  aforementioned  paper,  will  be  treated 
with  in  this  paper,  thus  bringing  together  in  one  article  the 
principles  of  the  Holophane  system  of  illumination  as  it  now 
stands. 

The  Holophane  system  of  illumination,  as  the  name  impli- 
-tern,  not  merelv  a  few  similar  types  of  refle<  I  >ther 

glass  formations  designed  to  accomplish  general  results;  but 
globes  and  reflectors  of  various  media,  especially  designed,  con- 
structed and  treated  to  obtain  definite  effects,  as  best  suited  to 
the  conditions  involved.  In  this  system,  at  thi<  writing,  are  in- 
corporated the  following  general  types  and  features,  which  will 
be  more  specifically  ^et  forth  later  on. 

1  Van  Rensselaer  I.ansingh.  "Prismatic  Globes  and  Reflectors.''  Trans  I.  E  S.,  vol. 
■.  P   37'.  'J»ne.  I  - 


862      TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 


U 


< 

a 


a 


~ 

a 

cd 

01 

u 

cS 

V 

■i. 

IS. 

Ed 

- 

o 

W> 

i_ 

k 

n 

U 

£ 

= 
o 

: 

cd 

C 

.O 

0 

0 

a 

a 


M     v>  ^r    ^  c«  2  «s 


U 


"So 


Ph 


-  o    . 

N      n^  •  „,  v  %  u) 

143  « 


SI'S    8    j§    & 

7J  rt  o  t*& 


o  g 


i  S 

c  3 
O 


S5  w 


u 


1-d       bfl 
s 
cd  eu^ 


M 


n.i  cs.2  o 


SYMPOSIUM    ON    ILLUMINATING   GLASSWAKI- 


863 


Class  I.  Prismatic,  semi-  or  totally-enclosing  envelopes  in 
various  forms,  having  both  internal  and  external  prisms;  these 
prisms  both  redirect  and  diffuse  the  light  flux  which  strikes 
the  inner  surfaces  of  such  envelopes. 

Class  2.  Prismatic  reflectors  in  numerous  shapes,  designs  and 
treatments,  giving  any  desired  distribution  of  light;  most  of 
these  reflectors  have  vertical  external  prisms  and  clear  inner 
surfa 

Class  3.  The  combination  of  Classes  1  and  2. 

Class  4.  The  combination  of  Classes  1  and  2  with  clear,  ground, 
acid  treated  milk  (opal)  tinted  and  other  glasses  not  having  as 
part  of  themselves  prisms;  this  glass  is  used  primarily  for  diffus- 
ing and  artistic  effects. 

A>ide  from  the  principal  classes  just  mentioned,  there  are  a 
number  of  units  made  possible  through  a  combination  of  these 
»es,  which  will  be  treated  with  in  the  body  of  this  article. 

PRINCIPLES — (CLASS    i) 

Prismatic  glass  globes  consist  of  a  series  of  vertical,  internal, 


Fig.  1.— Cross  section,  looking  at  top  of  prismatic  glol>e,  showing  internal 
prisms  breaking  up  the  light  rays. 


Fig.  2.— Showing  enlarged  view  of  internal  prisms  and  how  the  ray- 
light  are  broken  up  into  two  or  more  components. 

diffusing  prisms,  shown  in  figs.  1  and  2,  combined  with  a  series 
of   external,   horizontal,    compound,    redirecting   prisms,   having 
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both  refracting  and  reflecting  faces,  as  shown  in  figs.  3  and  4. 
These  envelopes  are  based  on  the  laws  of  optics,  employing  the 
principles  of  refraction  and  reflection  for  changing  the  direc- 
tion of  rays  of  light ;  the  principle  involved  being  associated  with 
the  oldest  branches  of  modern  physics.  The  application  of  these 
principles,  however,  to  the  use  of  artificial  light  is  more  recent. 
Numerous  experimenters  have  tried  to  use  either  one  or  the  other 
principle  in  their  effort  to  redirect  the  rays  of  light ;  but  it  re- 


Fig, 


3. — Vertical  section  of  prismatic  globe  showing  method  of 
redirecting  rays  of  light. 


mained  for  Blondel  and  Psaroudaki  to  combine  both  principles 
in  compound  prisms,  and  thus  lay  the  foundation  of  the  modern 
science  and  art  of  prismatic  glassware  for  artificial  lighting. 
The  principles  in  their  invention  were  announced  in  the  United 
States  and  the  inventors  were  awarded  the  John  Scott  legacy 
medal  by  the  Franklin  Institute. 

The  function  of  the  internal  prisms  is  simply  to  break  up  or 
diffuse  the  light  rays;  the  method  by  which  this  is  accomplished 
is  clearly  shown  in  figs.  1  and  2.  It  will  be  seen,  from  fig.  2, 
which  shows  an  enlarged  section  of  the  internal  vertical  prism, 
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that  a  ray  of  light  a  impinging  at  6  will  be  broken  up  into  two  or 
more  diverging  rays,  so  that  the  eye,  following  hack  each  ray, 
will  no  longer  be  able  to  see  the  light  source,  and  that  the  light  is 
diffused. 

The  external,  horizontal  prisms  are  in  general  compound,  that 
is.  they  consist  of  hoth  refracting  and  reflecting  faces,  as  clearly 
shown  in  fig.  4.  It  is  evident  that  rays  of  light,  coming  from 
the  right  direction,  and  impinging  on  the  surface  c'  a'  will  be 
simply  refracted,  or  bent  from  their  original  course.  Owing 
to  the  fact  that  rays  of  light  can  be  bent  or  refracted  to  only  a 
certain  extent,  advantage  is  taken  of  the  critical  angle  or  angle  of 
total  reflection,  so  that  when  it  is  desired  to  bend  the  rays  of  light 


D 


Fig.  4.— Enlarged  view  of  external  prisms  showing  refracting 
and  reflecting  surfaces. 

more  than  is  possible  by  refraction,  the  face  of  the  prism  is  de- 
signed to  reflect  the  ray  to  the  lower  surface  of  the  prism,  where 
it  is  again  bent  by  refraction  to  the  desired  angle.  It  will  thus 
be  seen  that  it  is  possible,  by  correctly  designing  the  surface  of 
each  prism,  to  obtain  almost  any  desired  distribution.  In  this 
connection,  it  should  first  be  noticed  that  the  prisms  are  in  a 
definite  position,  as  shown  in  fig.  3.  and  if  the  position  of  the 
source  of  light  is  changed  from  that  for  which  the  globe  was 
designed,  the  light  rays  may  no  longer  impinge  on  the  surface 
of  the  prisms  at  the  angle  for  which  they  were  calculated,  with 
the  result  that  some  of  the  rays  may  be  thrown  back  into  the 
globe,  and  thereby  largely  lost.  For  this  reason,  each  globe  is 
designed  for  a  given  size  and  shape,  and  different  kind  of 
source  of  light. 
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SCIENTIFIC   VERSUS   NON-CALCULATED   PRISMATIC   GLOBES. 

Prismatic  globes  are  made  of  pressed  glass  having  an  espec- 
ially high  index  of  refraction,  which  prismatic  formation  has 
been  duly  calculated  by  geometrical  optics,  and  which  insures 
their  wonderful  property  of  low  absorption  and  accurate  results. 
Prismatic  globes,  made  of  glass  having  different  indexes  of  re- 
fraction, whose  prismatic  formations  have  not  been  carefully 
calculated,  give  results  that  are,  in  some  cases,  startling — the 
opposite  to  that  desired. 

Fig.  5  shows  comparative  curves  of  a  scientifically  designed 
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Fig.  5.— Photometric  curves  of  scientific  and  non-calculated  globes. 


globe  and  a  non-calculated  globe.  These  globes  are  identical  in 
shape  and  size.  It  will  be  noted,  in  the  case  of  the  non-calcu- 
lated globe,  that  the  maximum  flux  of  light  has  been  redirected 
in  the  upper  instead  of  the  lower  hemisphere,  the  light  being 
thrown  where  it  is  usually  not  desired.  The  absorption  in  such 
non-calculated  globe  may  vary  from  30  to  40  per  cent.,  owing  to 
the  fact  that  the  prisms  may  throw  the  light  back  into  the  globe 
instead  of  out.  Perhaps  the  most  elaborate  and  thorough  tests 
on  this  subject  were  made  in  the  Massachusetts  Institute  of 
Technology,2  where  the  mean  of  the  test  on  scientifically  de- 
signed globes  showed  a  loss  of  12.3  per  cent.;  while  the  non- 
calculated  prismatic  globe,  of  same  shape  and  size,  showed  a  loss 
of  34  per  cent.  It  will  be  observed,  in  fig.  5,  that  through  the 
use  of  scientifically  designed  prisms  made  of  glass  having  a 
high  index  of  refraction  that  the  maximum  flux  of  light  is  re- 
directed in  useful  directions  below  the  horizontal.  Such  a  globe 
as  previously  stated,  has  a  comparatively  low  absorption. 

8  Technology  Quarterly,  March,  1902. 
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EFFECT   OF   DUST. 

It  should  be  borne  in  mind  that  the  surface  b'  d'  (fig.  4)  acts 
Ijv  total  reflection ;  and  since  a  reflecting  surface  is  generally  un- 
affected by  a  substance  resting  on  it — but  not  in  optical  contact, 
such  as,  for  example,  dust — the  effect  of  such  substance  is  far 
less  than  might  be  imagined.  Undoubtedly,  the  numerous  prisms 
tend  to  collect  dust,  but,  peculiarly,  the  effect  of  dust  on  a  scien- 
tifically designed  prismatic  globe  is  less  than  with  an  ordinary 
smooth  surfaced  globe. 

In  a  certain  test,  where  a  scientifically  designed  prismatic 
globe  was  hung  pendant  for  several  months  in  a  dusty  place  al- 
lowing a  heavy  coating  of  dust  to  accumulate  on  its  outer  sur- 
face, but  with  its  opening  covered  to  keep  the  dust  from  getting 


— -  Lamp  &  clean  globe  | — Lamp&dusty  globe 
Fig.  6.  — Photometric  curve  showing  effect  of  dust  on  prismatic  globes. 

upon  its  inner  surface,  the  loss  of  light  due  to  dust  was  only 
13  per  cent.,  almost  all  of  which  was  in  the  light  distributed 
above  the  horizontal.  The  results  of  this  test  are  shown  graphi- 
cally in  the  photometric  curves  illustrated  in  fig.  6,  the  dotted 
line  being  the  curve  when  the  globe  was  clean,  and  the  full 
line  when  dusty.  While  it  is  apparent  that  the  loss  of  light  due 
to  dust,  in  this  particular  test,  was  not  great,  yet  it  is  advised 
that  prismatic,  as  well  as  all  other  types  of  glassware  used  in 
connection  with  artificial  illuminants,  be  cleaned  at  reasonable 
intervals,  enabling  the  installation  to  be  maintained  economically. 

DISTRIBUTION. 

A-  stated  before,  it  is  possible  to  get  practically  any  distribu- 
tion of  light  desired  by  correctly  designing  the  prisms.  In  prac- 
tise it  has  been  found  that  three  general  classes  are  sufficient  for 
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most  purposes.  However,  it  should  be  known  that  each  of  these 
three  classes  have  globes  of  various  shapes  and  sizes  that  dis- 
tribute the  light  in  a  manner  which,  while  related  to  the  specific 
class  with  which  they  are  associated,  gives  a  distribution  particu- 
larly well  adapted  to  special  conditions.  The  three  classes  re- 
ferred to  are  designated  as  A,  B  and  C.  Class  A  is  designed  to 
throw  the  strongest  light  directly  downward.  Class  B  is  de- 
signed to  throw  the  light  in  all  directions  below  the  horizontal. 
Class  C  is  designed  to  re-distribute  the  light  flux  in  all  lateral 
directions  below  the  horizontal,  the  maximum  intensity  being  had 
at  about  15  deg.  to  20  deg. 

HOW  TO  DISTINGUISH  BETWEEN  CLASS  A,  B  AND  C  GLOBES. 

In  the  accompanying  illustrations    (figs.  7-15)    it  will  be  ob- 


Upright  Class  A  globe. 


Fig.  S. — Characteristic  distribution  of 
upright  Class  A  globe. 


Fig  9. — General  distribution  effect  obtained  with  uprignt  Glass  A  globe. 

served  that  the  distinguishing  feature  of  class  A  globes  is  that 
each  prism  has  the  same  general  shape ;  that  is,  each  one  has  the 
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Fig.  10.— Upright  Class  B  globe.  1— Characteristic  distribution 

of  upright  Class  B  globe. 


Fig.  12.— General  distribution  effect  obtained  with  upright  Class  B  globe. 


Fig.  13.— Upright  Class  C  globe. 


Fig.  14.— Characteristic  distribution 
of  upright  Class  C  globe. 


Fig.  15.— General  distribution  effect  obtained  with  upright  Class  C  globe 
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long  straight  surface  underneath  and  the  multiple  faces  on  top; 
that  class  B  globes  have  the  prisms  gradually  diminishing  in 
size  until  they  almost  disappear,  and  then  begin  again  slightly 
near  the  bottom  of  the  globe;  that  class  C  globes  have  the  same 
characteristics  as  class  B,  except  the  lower  prisms  slope  in  the 
opposite  direction  from  the  upper  prisms,  thereby  throwing  the 
light  from  these  lower  prisms  more  upward. 

HOW   TO  TELE  PENDANTS  EROM  UPRIGHTS. 

From  the  illustrations  in  fig.   16,  and  also  fig.  4,  it  will  be 
noted  that  the  light  is  largely  thrown  from  the  long  flat  sur- 


Class  A  Class  B  Class  C 

Fig.  i6.^Indicating  general  formation  of  external  prisms 
for  Classes  A,  B  and  C. 

face.  This  surface  must  always  point  downward.  Hold  the 
globe  up  to  the  light,  so  as  to  look  across  the  prisms,  and  use 
the  globe  so  that  this  long,  straight  surface  will  be  down.  Anoth- 
er simple  method  is  to  run  the  thumb-nail  up  and  down  the  globe 
One  way  it  will  slip  over  the  prisms  easily,  and  the  other  catch 
on  the  long,  straight  surface.  If  the  nail  catches  in  running 
away  from  the  neck,  it  is  an  upright;  while  if  it  catches  going 
toward  the  neck,  it  is  a  pendant. 

MODIFICATIONS. 

It  is  recommended  that  a  single  illuminant  of  the  proper  size 
be  placed  within  prismatic  hemispheres  and  spheres  rather  than 
to  employ  two,  three  or  more  lamps.  Where  one  illuminant  is 
used  no  obstruction  is  offered  to  the  light  rays  which  directly 
strike  the   surface  of  the   redirecting   and  diffusing  envelopes. 
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Whore    more    than    one    lamp    is    used,    an    absorption    usually 
approximating  about   fifteen   per   cent,    results,   due   to   the   in- 


Fig.  17. — Pendant  prismatic  hemisphere. 


Fig.  18. — Cross  section,  showing  mounting  of  single 
lamp  in  pendant  prismatic  hemisphere. 


Fig.  i<« .  —  Photometric  curves  illustrating  effects  obtained  with  different 
reflectors  inside  pendant  prismatic  hemisph< 

terference  of  light  rays  by  other  lamps.  The  absorption  due 
to  such  interference  increases  as  the  lamps  blacken  or  become 
covered  with  foreign  matter. 
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Prismatic  glass  globes,  and  for  that  matter  practically  all  other 
kinds  of  glass  globes,  show  to  a  better  advantage  when  a  single 
illuminant  is  placed  therein  than  when  several  lamps  are  used ; 
for  where  a  number  of  lamps  are  employed  they  are  oftentimes 
placed  so  close  to  the  envelope  that  "spots"  of  light  are,  to  a 
greater  or  lesser  extent,  visible,  resulting  in  imperfect  diffusion 
and  unsymmetrical  and  inartistic  effects. 

From  a  study  of  photometric  curves  shown  in  fig.  19  it  will  be 
noted  that  practically  any  distribution  of  light  may  be  obtained 
from  scientifically  designed  prismatic  hemispheres  and  spheres 
through  the  use  of  various  reflectors  placed  above  the  lamps,  as 
indicated  in  fig.  18.  Where  it  is  impractical  to  use  a  scientifically 
designed  prismatic  reflector  in  a  hemisphere,  it  is  recommended 
that  a  white,  asbestos  disk  be  placed  so  that  it  will  rest  on  the 


Fig.  20. — Characteristic  photometric 

distribution  with  single  light 

equipment. 


Fig.  ai. — Characteristic  photometric 

distribution   equipped  with 

cluster  of  lamps. 


flange  of  the  hemisphere  directly  over  the  lamps.  This  disk  will 
not  only  assist  in  redirecting  light  rays,  which  otherwise  would 
be  largely  lost,  but  also  serves  to  prevent  dust  from  falling  on 
the  inner  surface  of  the  hemisphere. 

PRISMATIC    REFLECTORS — (CLASS    NO.    2). 

The  construction  of  prismatic  reflectors  is  different  than  that 
of  prismatic  globes.  Generally  speaking,  the  interior  surface 
of  these  reflectors  is  smooth ;  while  the  outer  surface  consists 
of  right-angled  prisms  designed  to  reflect  the  light. 

It  is  evident  from  fig.  29  that  a  ray  1  2  will  be  doubly  reflected 
from  the  right-angled  prisms,  but  that  rays  5  6  and  7  8,  which 
strike  at  right  angles  to  the  surface,  will  pass  directly  through 
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—Diagram  showing  method  of 
mounting  a  single  lamp  and  re- 
flector insuie  of  prismatic  sphere. 


—  Diagram  showing  method 
mounting  a  cluster  of  lamps  in- 
side of  pendant  prismatic  sphere. 


Fig.  25.— Characteristic  distribution   of  all 
short  stalactites  with  one  exception. 


Fig.  26. -The  exception. 
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the  glass ;  so  that  a  reflector  will  not  appear  totally  dark,  but  will 
allow  sufficient  light  to  pass  through  so  as  not  to  cast  shadows 
on  the  ceiling.     This  effect  alone,  namely,  of  being  able  to  make 


Fig.  27. — Prismatic  upright  ball. 


Fig.  28  — Characteristic  distribution 
of  prismatic  upright  ball. 


an  efficient  reflector  without  casting  shadows  on  the  ceiling, 
marks  a  valuable  step  in  advance  over  ordinary  reflectors;  but 
when  combined  with  this  it  is  possible  to  efficiently  redirect 
the  rays  of  light  in  any  direction,  by  properly  shaped  reflectors 


Fig.  29.— Showing  principle  of  prismatic  reflector. 

and  prisms,  a  valuable  adjunct  is  available  to  those  having  to  do 
with  the  design  of  lighting  systems.  These  reflectors  are  made 
of  the  same  grade  of  glass,  having  an  especially  high  index  of 
refraction,  as  is  used  in  the  manufacture  of  the  globes  previously 
described. 
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In  order  to  overcome  glare  and  to  provide  a  "soft,"  agreeable 
illumination  to  the  eye,  the  Holophane  Company,  after  extended 
experiments,  has  developed  what  is  termed  a  "satin  finish,"  which 

is  given  to  the  inner  or  smooth  surface  of  the  reflector.  Through 
the  employment  of  this  finish,  not  only  is  a  high  degree  of  diffusion 

obtained,   but  a   rich   appearance  that  is  most  pleasing  is  given 
to  the  reflector. 

With  the  use  of  satin  finished  reflectors,  the  efficiency  as 
measured  in  purely  physical  terms  is,  perhaps,  five  to  ten  per 
cent,  less  than  that  obtainei  with  clear  reflectors;  yet  the  "vis- 
ualizing efficiency"  is  higher,  in  most  cases  where  the  lighting 
units  are  within  easy  range  of  vision,  because  the  eye  is  enabled 
to  properly  perform  its  functions  in  the  absence  of  glare.  This 
value,  together  with  the  pleasing  effects  obtained  through  the 
use  of  satin  finished  reflectors,  more  than  offsets  the  decrease  in 
what  might  be  termed  physical  efficiency. 

DISTRIBUTIONS. 

As  in  the  case  of  globes  afore  described,  prismatic  reflectors, 
in  so  far  as  re-distribution  of  light  is  concerned,  are  divided  into 
three  general  classes,  each  of  which  class  has  numerous  modifi- 
cations, especially  designed  to  suit  certain  requirements.  The 
three  principle  classes  are.  extensive,  intensive  and  focusing 
usually  designated  by  the  letters  I,  E,  and  F. 


—Extensive  type  prismatic  Pig,  \i.    Characteristic  distribution 

reflector.  of  prismatic  extensive  type 

reflectors. 

The  extensive  type  shown  above  gives,  as  the  name  and  curves 
indicate,  a  wide,  extensive  distribution  of  light.1  In  general,  the 
end-on  candle-power  is  equal  to  approximately  the  rated  horizon- 
tal candle-power  of  the  lamp.  With  a  single  unit  comparatively 
large  areas  may  Ik-  uniformly   illuminated. 

••-'1  tip  lamps  are  employed  in  .ill  photometric  test-,  unless  otherwise  itated 
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The  intensive  type  reflector  gives  a  distribution  which  is  not  as 
broad  as  the  extensive,  and  not  as  concentrating  as  the  focusing 
type.     The  end-on  candle-power  usually  approximates  two  and 


Fig.  32.— Intensive  type  prismatic 
reflector. 


Fig-  33- — Characteristic  distribution 

of  prismatic  intensive  type 

reflector. 


one-half  times  the  rated  horizontal  candle-power  of  the  lamp. 
This  type  is  designed,  primarily,  for  lighting  large  rooms  by 
means  of  distributed  units  placed  in  the  form  of  squares  and  is, 
perhaps,  the  most  generally  useful  reflector  available. 


Fig.  34.— Focusing  type  prismatic 
reflector. 


F'g-  35- —Characteristic  distribution 

of  prismatic  focusing  type 

reflector. 


The  focusing  type  reflectors  (fig.  34)'  are  designed  for  the 
average  place  where  fairly  strong  concentration  is  desired.  The 
end-on  candle-power  usually  approximates  four  times  the  rated 
horizontal  candle-power  of  the  lamp.     Where  specially  concen- 
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trating  results  are  required,   the   powerful   concentrating  types, 
later  on  described,  should  be  employed. 

I;igs.  36,  37,  38  and  39  illustrate  various  prismatic  formations 
as  applied  to  reflectors  in  this  system.  Upon  referring  to  fig. 
36,  it  will  be  noted  that  these  "stilleto"  prisms  near  the  tops  or 
necks  of  the  reflectors  are  larger  than  they  are  at  the  bottom, 
also  that  there  are  more  prisms  at  the  bases  or  bottoms  of  the 
reflectors  than  there  are  at  the  top.  In  general  shape  these  prisms 
are  somewhat  comparable  to  a  stilleto.  The  stilleto  prisms  mark 
the  most  recent  development  of  prismatic  formation.     They  are 


Fig.  36.— Stilleto. 


Fig-  37.  — Merged. 


-Equal. 


Fig.  39- — Continuous. 


more  efficient  than  other  prismatic  formations  shown  above. 
Through  the  employment  of  the  stilleto  prism  not  only  is  greater 
efficiency  obtained,  but  lightness,  weighable  and  visible,  which 
are  practically  and  artistically  desirable.  Fig.  37  illustrates  a 
previous  development  to  obtain  higher  efficiency  and  attractive 
effects.  Fig.  38  illustrates  the  "equal"  type,  consisting  of  three 
bands  of  pri^m-.  so  arranged  that  each  succeeding  band,  from  the 
top  (neck)  to  the  bottom,  has  a  greater  number  of  prisms  than 
the  preceding  band.  Through  such  construction  the  prisms  are 
made  of  a  size  and  shape  which  will  afford  high  efficiency.  Fig. 
39  illustrates  the  "continuous"  prismatic  formation  as  associated 
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with  early  developments.  It  will  be  noted  that  the  prisms  in  the 
continuous  type  are  naturally  smaller  at  the  top,  near  the  neck, 
and  larger  at  the  bottom.  Where  prisms  become  so  small  near 
the  top  of  the  reflector  as  to  lose  their  efficiency,  as  far  as  re- 
directing the  light  in  useful  directions  is  concerned,  advantage 
is  taken  of  the  principles  incorporated  in  class  I,  and  a  neck  or 
collar  is  formed  in  the  glass,  having  both  internal  and  external 
prisms  which  allow  the  light  to  pass  through  the  glass  and  from 
there  is  thrown  to  a  predetermined  angle.  In  this  way  higher 
efficiency  is  obtained. 


Fig.  40. — Prismatic  reflector  designed  for  meridian  or  round  lamps. 


Fig.  41. — Characteristic  distribution  of  reflector  for  meridian  lamps. 

The  reflector  shown  in  fig.  40  was  designed  for  meridian 
or  round  lamps.  It  gives  a  very  distinctive  appearance,  as  well 
as  high  efficiency.  Bowl  frosted  lamps  should  always  be  used 
with  reflectors  of  this  type.  It  will  be  noted  that  these  reflectors 
give  a  somewhat  different  distribution  from  the  three  types  pre- 
viously described. 

The  type  of  reflector  shown  in  fig.  42  represents  the  most 
practical  reflector  obtainable  where  strong  concentration  of  light 
is  desired ;  at  the  same  time  it  permits  a  certain  amount  of  light 
to  pass  above  the  horizontal,  illuminating  the  upper  portions  of 
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space  in  which  it  is  placed.  With  this  type  of  reflector  an  end- 
on  candle-power  of  approximately  eight  times  the  rated  horizon- 
tal candle-power  of  the  lamp  is  obtained. 

The   reflector  illustrated  in    rig.   44  is   for  upright  lamp;.     It 
directly  on  the  hull)  as  indicated  in  fig.  45.     The  reflectors 


Fig.  42. — Prismatic  concentrating 
reflector. 


:    —Characteristic  distribution 
of  prismatic  concentrating 
refit 


of  this  type  are  made  to  fit  securely,  so  that  no  holders  are  re- 
quired.    Clear  lamps  should  usually  be  used. 

DECORATIVE  REFLECTORS. 

Inasmuch  as  in  numerous  lighting  installations  tin  esthetic 
takes  precedence  over  the  purely  physical,  it  was  hut  natural 
that  glassware  suitable  to  these  as  well  as  utilitarian  conditions 
should  be  developed.     In  obtaining  artistic  desi  tin  losses 

in  physical  efficiency  usually  result;  these,  however,  are  more 
than  compensated  for  by  the  pleasing  effects  obtained.  The 
following  few   illustrations   (figs.  47  to  59  1"  the 

latest  developments  which,   while  beinj  tivc  of   some 

designs  now  available,  is  not  to  be  considered  as  a  "catalog  pres- 
entation."    They    are    shown    here    merelv   to    indicate   lines   of 
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development  rather  than  to  specifically  illustrate  all  designs  now 
available.     The  designs  shown  should  not  be  considered  as  rep- 


Fig.  ^44. — Prismatic  pendant  reflector 
to  fit  on  upright  lamp. 


Fig.  45. — Diagram  showing  how  this 

type  of  pendant  reflector  fits 

over  upright  lamp. 


Fig.  46. — Characteristic  distribution  obtained  from  such  combination. 


Fig.  47. — Prismatic  decorative  re- 
flector giving  symmetrical 
distribution. 


Fig.  48. — Characteristic  photometric 
curve  of  this  reflector. 


resenting  the  "last  word,"  but  rather  the  beginning  of  a  develop- 
ment which  will  rapidly  expand  and  becomes  the  more  satisfac- 
tory as  it  progresses. 
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Fig-  49—  Prismitic  decorative  re- 
flector giving  symmetrical 
distribution. 


F'g-  5o.— Characteristic  photometric 
curve  of  this  reflector. 


p  g-  5'.— Prismatic  decorative 
reflector. 


F'K-  52  —Prismatic  decorative 
reflector. 


Prismatic  decorative 
reflector. 


'  :o  decorative 
refiV 
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SPECIAL. 

This  reflector  consists  of  a  secondary  prismatic  plate,  as  shown 
iii  fig.  59,  which  forms  a  partial  bottom  to  the  reflector  pro- 
per, and  contains  an  opening-  into  which  the  lamp  bulb  fits  snug- 


Fig-  55- — Prismatic  decorative 
reflector. 


Fig.  56. — Prismatic  decorative 
reflector. 


Pig-  57- — Prismatic  decorative  reflector. 


Fig.  58. — Prismatic  decorative 
reflector. 


P'g-  59.— Construction  of  this 
reflector. 


ly.  The  reflector  is  both  pleasing  and  efficient.  When  the  re- 
flector is  hung  at  an  angle,  the  prismatic  plate  should  be  satin 
finished,  unless  it  is  placed  at  some  considerable  distance  from 
the  eye  so  as  to  avoid  any  glare.     When  it  is  to  hang  straight — 
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pendant — a  clear,  prismatic  plate  should  be  used.     The  reflect- 
or proper  is  always  supplied  in  clear  glass. 

In   fig.  60  is   illustrated  a   prismatic   reflector   in   combination 


Fig.  60.— Prismatic  reflector  with 
detachable  plate. 


~^  Plane  perpendicular  ro  pnama 
-—--Plane  parallel  to  prisms 


—Characteristic  distribution 

of  this  unit. 


-/'i.A/i/cfr/>fr*o<t/i.A/r7b  /^/j/^rj 


Fig.  '.2. — Characteristic  distiibution 


with  a  prismatic  plate,  which  unit  is  designed  to  give  practical- 
ly any  distribution  desired,  as  indicated  in  figures  61,  62  and  63. 
This  unit  was  designed  primarily  for  use  in  railway  cars  where 
it  is  placed  on  the  under-deck  of  the  ceiling.     With  this  com- 
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bination  it  is  possible  to  remove  any  objectionable  glare  and  il- 
luminate the  lower  portions  of  the  car  to  the  intensity  and  dis- 
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Fig.  63.— Characteristic  distribution  of  type. 

tribution  desired.     The  principle  herewith  illustrated  is  applic- 
able to  many  other  classes  of  interiors. 

REFLECTOR    FIXTURE    COMBINATIONS. 

Prismatic   reflectors   are   used   in   connection   with   a   number 
of  different  types  of   specially  designed   units — these  units,  of 


Fig.  65.— Showing  use  of  these  reflectors  with  wireless  cluster. 

course,  do  not  include  the  combination  of  reflectors  with  or- 
dinary types  of  lighting  fixtures — two  of  which  are  illustrated 
in  figs.  64  to  68. 
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In  the  Holophane  "arc"each  lamp  is  equipped  with  an  individual 
reflector  which  permits  of  higher  efficiency  in  effective  illumina- 
tion, than  where  a  cluster  of  hare  lamps  are  placed  beneath  a 


'■—Characteristic  distribution  given  from  such  unit. 


Fig.  67.— Holophane  arc. 


. — Characti-  ution 

of  holophane  arc. 


Single  reflector.     These  arcs  are  available  in  four,  five  and  >ix 
lights,  and  are  adaptable  to  all  forms  ami  sizes  of  lamps. 

SATIN  FINISH. 
This    finish,    which    has    been    developed    after    extended    ex- 
ents,   has   been   mentioned   as    lending  a   "soft."   agreeable 
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effect  when  applied  to  reflectors.  This  finish  enahles  a  high 
degree  of  diffusion  to  be  obtained  with  a  small  loss  in  absorption. 
The  effect  of  satin  finish  on  photometric  results  is  generally  to 
round  out  the  curves. 

THE    VALUE    OF    SCIENTIFICALLY    DESIGNED    PRISMS. 

It  is  doubtful  if  the  true  value  of  scientifically  designed 
prisms  constructed  of  glass  having  a  high  index  of  refraction 
is  generally  appreciated. 

Fig.  69  shows  distribution  of  light  made  possible  through  the 
employment  of  a  scientifically  designed  prismatic  reflector,  while 


1          ^>^\V 

Fig.  6q. — Curve  obtained  from  inten- 
sive prismatic  reflector. 


Fig.  70. — Curve  obtained  from  clear, 
plain  glass  shade  of  the  same  size 
and  shape  from  which  curve  in 
fig.  69  was  obtained. 


fig.  70  represents  a  curve  obtained  from  a  piece  of  glass  of  shape 
and  size  identical  with  the  reflector  from  which  the  curves  shown 
in  fig.  69  were  obtained;  but  it  had  not  aiiy  prisms.  These 
two  curves  represent  two  extremes.  Reflectors  using  uncal- 
culated  or  incorrectly  designed  prisms  made  ol  glass  having  a 
low  index  of  refraction  give  effects  between  these  extremes. 

HOLDERS. 

It  is  necessary  that  the  proper  holders  be  used  in  connection 
with  glassware  and  illuminants,  for  if  the  wrong  holders  are  em- 
ployed very  much  different  results  than  those  calculated  may 
be  obtained.  The  effect  of  the  two  holder  positions  is  shown  in 
fig.  71. 
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The  four  holders  shown  in  figs.  ~j.  73,  74  and  75  are  used 
primarily  with  prismatic  reflectors  and   for  Jiat   reason  are  in- 
cluded in  the  section  dealing  with  class   No.  2  refleel 
rni'.i  r  OP   DUS  1    1  >» 
.   -  is  the  case  with  all  forms  of  reflectors,  it  is  necessar)  to  keep 
prismatic  reflectors  clean  if  economic  maintenance 
•   be   effected.     This   operation    is    a    comparatively    simple 
matter,  inasmuch  as  one  has  to  deal  with  perfectly  smooth  sur- 
The  exterior   surfa  tic   reflector  naturally 


VAR/AT/ON  /MD/STR/BUTION 
W/TH  CHAAJ6E  //V LAMP ROS/T/ON 
//V  //VTZA/&VE  TYPE REFLECTOR 

rC&M  'O  '  P05/T/OH 

fORM'H  POSITION 


Results  ot  Form  o  and  H  holders  with  same  refle<  I  lamj>. 


r  dirt  to  collect.     Such  accumulation, 
-  not  necessarily  greatl) 
er;  it  atTects  principally  the  light  which  otherwise  pas 
the  reflector  to  the  ceiling.     This  to  the   fact   that  the 

prisma  act  by  total  reflection,  and  that  inasmuch  rally, 

;  "article  1  rrounded  by  a  mi  al  film  of  air, 

ually  come  in  optical  contact  with  the  sur- 
face of  the  glass  ;  so  that  there  still  remain-  a  difl 
between  glass  and  air,  the  critical  ing  unci 

While  loss  of  light  due  to  accumulation  of  dust  on  prismatic 
onsiderably  less  than  is  understood  in  some  circles, 
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yet  too  much  stress  cannot  be  laid  upon  the  desirability  of  keep- 
ing these  reflectors,  as  well  as  all  other  makes  of  lighting  glass- 
ware, clean.  Such  cleaning  should  include  lamps.  This  be- 
comes the  more  evident  when  it  is  realized  that  cleaning,  which 
can  be  done  at  comparatively  small  expenditure,  affects  the  main- 
tenance of  a  lighting  installation.  It  is  strange,  that  while  much 
thought  and  energy  is  expended  in  cleaning  windows,  in  crder 
to   allow    the   passage   of    natural   light,    costing    comparatively 


Fig.  72.— Form  H  holder.      Fig.  73.— Form  T  holder.  Fig.  74.— Form  O  holder 


Fig.  75.— Form  A  holder. 

nothing,  little  attention  is  given  to  glassware  used  with  artificial 
illuminants   maintained  at  a  large  expense. 

It  should  be  generally  known  that  the  special  glass  employed 
in  prismatic  globes  and  reflectors,  owing  to  its  absence  of  color, 
affords  but  a  neutral  background  for  dirt ;  and  dirt  is,  therefore, 
not  so  readily  observed  as  would  be  the  case  if  the  background 
were  distinctive;  so  that  dust  or  dirt  is  less  in  evidence  on  this 
type  of  reflector  than  might  be  supposed  at  first  thought.  This, 
however,  is  no  excuse  for  permitting  an  excess  of  foreign  mat- 
ter to  accumulate. 
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COMBINATION   OF   CLASSES    I    AND   2    (CLASS   3 

The  reflectors  globes  shown  in  figs.  76  and  78  are  designed  to 
rive  an  irregular  distribution  of  light,  as  indicate!  by  the  pho- 
tometric curves  of  figs.  77  and  79.  When  used  in  connection  with 
side  wall  brackets,  they  re-distribute  the  greater  part  of  the  light 
out  into  the  room,  away  from  the  wall.  In  a  globe  that  gives  a 
symmetrical  or  regular  distribution  about  its  vertical  axis,  just 
as  much  light  is  directed  toward  the  side  wall  as  is  thrown  out 


.metrical  up- 
right reflector  globe. 


Hig.  77— Characteristic  distribution 
of  prismaticasymmetric.il  up- 
right reflector  globe. 


— I'rismatic  asymmetrical  pendant 
reflector  globe. 


Characteristic   distribution  of 
prismatic  asymmetrical  pendant 

reflector  v. 


into  the  room  with  resultant  loss.  This  is  especially  -  when  the 
side  wall  is  covered  with  a  dark,  highly  absorbing  paper,  lhis 
principle  of  prismatic  construction  is  incorporated  in  other  de- 
-  which  are  adaptable  to  other  than  side  wall  uses.  It  will 
be  noted  that  these  reflector  globes  are  in  one  | 

The  unit   shown   in   fig.  80  con^t-   of   a   prismatic   reflector 

(cla^  I  a  prismatic  hemisphere  (class  1  1  which  combma- 

as  illustrated  in  fig.  I  ]>'  downward 
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distribution  of  light,  and  also  diffusion  with  low  absorption.  The 
fixture    indicated    is    but    a    suggestion    or    mechanical    skeleton 


Fig.  81.— Interior  arrangement  of  suspen- 
sion fixture  for  prismatic  reflector  bowl. 


Fig.  80. — Prismatic  reflector  bowl. 


Fig.  S2.— Characteristic  distribution  given 
by  prismatic  reflector  bowl. 


showing  suspension.     It  is  susceptible  to  treatment  which  will 
conform  to  various  classes  of  interiors. 


COMBINATION    OF    CLASSES    I    AND   2    WITH    OTHER   GLASSWARE 

(CLASS    4A). 

In  fig.  83  is  illustrated  a  prismatic  hemisphere  with  cut  glass 
bottom.  The  cut  glass  portion  of  the  hemisphere  represents, 
approximately,  one-third  of  its  height,  the  remaining  part  be- 
ing given  over  to  external  and  internal,  diffusing  and  redi- 
recting prisms.  The  pattern  shown  here  is  but  indicative  of 
what  can  be  accomplished  in  design.  The  cuttings,  usually, 
are  especially  made  to  suit  exacting  requirements.     While  giv- 
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ing  the  effect  of  cut  glass,  these  hemispheres  still  possess  the 
properties  oi  diffusion   and   redirection   of   light    in   useful   di- 


2J* 


Vig.  8?.  — Prismatic  hemisphere  with  cut  glass  Ixjttom. 

rcctions.     Patterns,  somewhat   similar   to   that   indicated   in   fig 
83  are  available  in  pressed  instead  of  cut  glass. 

( ii 

The   balls   represented   by    fig.    84   a 
'.  glass  ball,  the  bottom   of   which   is   satin   finished,   ai 


Fif{.  hi  —Prismatic  two-piece  reflector  b 

prismatic  reflector  (cl  hich  fit  toother,  giving  the  same 

effect  a^  the  one-piece  reflector  halls  which  arc  made  in  smaller 
sizes.  The  reflector  hall  is  manufactured  in  ten,  twelve  and 
fourteen-inch  sizes. 
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Fig.  85.— Section  through  prismatic  reflector  ball  indicating  lamp  filament  positions. 


TABLE  1. — Results  Obtained  from  Different  Filament 


Positions  in  Reflector  Balls. 


Reflector 

Lamp 

Distribu- 
tion 

Contact  point 
to  top  of 
holder  A 

Contact  point 
to  top  of 
reflector  B 

Top  of  reflector 

to  top 

filament  C 

9,814 

400  watt 

F 

2  15/1(1  in. 

4%    in. 

5/8   in- 

9.8l4 

400  watt 

I 

1  9/16   in. 

3V4    in. 

2  in. 

9,814 

400  watt 

E 

Vie   in- 

1  '6U     in. 

3   V2 

11. 

9,612 

250  watt 

F 

2  29/32  iu. 

45,32   in. 

13/32 

11. 

9,6l2 

250  watt 

I 

1  21/M  in. 

2  29/82  in. 

I   2l/32 

n. 

9,612 

250  watt 

E 

8/s2  in- 

1  »/„  in. 

3    % 

n. 

9.5IO 

100  watt 

F 

r«/4     in. 

2  7/„   in. 

lu 

n. 

9>5io 

100  watt 

1 

8  ,     in. 

1  7/8   in. 

1  lU 

n. 

9,5io 

100  watt 

E 

Top  of  metal 
holder  3/8  m' 

3/4in. 

2   s/9  in. 

above  contact  pt. 

Fig.  86. — Extensive  (E)  curve  from  prismatic  reflector  ball. 
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The  globes  and  reflectors  treated  within  this  paper  are  de- 
signed to  give  definite  results.  It  i^  essential  that  the  illuminant 
should  hear  the  correct  relative  position  t"  redirecting  and  diffus- 
ing surfaces.  Fig.  85  shows  in  cross  section  the  relation  of  the 
lamp  filament  to  the  inner  surface  of  the  reflector  ball.  In  table 
No.  1  is  shown  the  character  of  distribution,  shown  by  E,  I  and 


Fig.  87.— Intensive  (I)  curve  from  prismatic  reflector  ball. 


Fig.  88.  — Focusing  (F)  curve  from  prismatic  reflector  ball. 

F  (extensive,  intensive  and  focusing  reflectors)  obtained  with 
the  filament  in  specified  locations,  which  effects  are  further  il- 
lustrated in  figs.  86,  87  and  88. 

In  fig.  89  is  illustrated  a  one-piece  reflector  ball  with  cut  glass 
bottom.  The  upper  exterior  half  of  these  balls  consists  of  a 
series  of  totally  reflecting  prisms,  as  described  in  class  2,  while  the 
lower  half  consists  of  plain  glass,  which  is  first  satin  finished 
and  then  cut  to  any  desired  pattern. 
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CLASS     4C. 

As  a  result  of  a  very  extended1  investigation,  wherein  the 
physiological,  psychological  and  esthetic  features,  as  well  as  the 
physical,  were  considered,  the  unit  illustrated  in  fig.  90  has  been 
developed.  This  unit  consists  of  an  especially  designed  prismatic 
reflector  over  which  is  placed,  as  indicated  in  fig.  91,  a  milk  (opal) 


^T»: 


mm 


. — Prismatic  one-piece  reflector  ball. 


i 


Fig.  90. — Street  lighting  unit. 


Fig.  91. — Diagram  showing  con- 
struction of  this  unit. 


Fig.  92.  -Characteristic  distribution  obtained  from  this  unit. 

or  tinted  envelope.  The  envelope  serves  to  prevent  dust  from 
accumulating  on  the  exterior  of  the  reflector  and  to  further 
soften  or  diffuse  the  light  over  and  above  the  horizontal,  also  to 
effect  artistic  treatment.     The   specially  designed  prismatic  re- 

1  An  Analysis  of  Illumination  Requirements  in  Street  Lighting,  by  A.  J.  Sweet,  Jour- 
nal of  the  Franklin  Institute,  May,  1910. 


SYMPOSIUM    ON    ILLUMINATING   GLASSWARE 

Sector  previousl)  referred  to  gives  a  wry  remarkable  curve,  which 

is  shown  in  tig.  <»_>.     The  greater  percentage  of  light,  it  will  be 
observed,  is  thrown  below  the  angle  of  sixty  :  so  that 

practically  all  the  lis^lit  is  employed  in  the  actual  illumination  of 
Streets.  This  reflector  eliminates  not  only  the  bright  spot, 
usually  so  easily  noticed  about  the  base  of  a  lamp  post,  but  like- 
wise  utilizes  to  a  high  degree  of  efficiency  the  light  emanating 
from  the  radiator.  These  units,  as  is  the  case  with  other  develop- 
ment-, are  specially  designed  to  suit  certain  exacting  require- 
ments, and  a  number  of  these  street  lighting  units  have  been  de- 
veloped for  different  sizes  of  lamps,  mounting  heights  and  spaces. 

MANUFACTURE. 

A  brief  description  of  the  process  of  manufacture  of  prismatic 
globes  and  reflectors  is  probably  in  order.  These  globes 
and  reflectors  have  as  their  inception  some  condition  requiring 
certain  definite  treatment,  which  gives  rise  to  a  carefully  planned 
and  executed  investigation,  the  results  of  which  form  the  basis 
of  design.  After  the  design  has  been  executed,  which  is  by  no 
means  a  matter  of  small  import,  for  it  has  to  meet  many  exact- 
ing requirements,  it  is  passed  on  to  the  mold  shop,  where  it 
i-  turned  over  to  the  pattern  maker.  In  the  case  of  prismatic 
globes  having  both  internal  and  external  prisms  (class  i  )  a  small 
section  of  the  external  or  horizontal  prisms  is  photographed 
directly  on  a  steel  plate  to  correct  size.  This  plate  is  then  care- 
fully covered  with  wax.  with  the  exception  of  the  edges  where 
the  teeth  or  prisms  appear,  which  are  left  free,  and  which  by 
means  of  a  powerful  acid  is  eaten  -lightly  away,  forming  a  sharp 
The  tool  is  then  put  in  the  hands  of  an  expert,  and  by 
means  of  hand  filing  the  teeth  are  accurately  cut.  This  may 
take  week-  to  accomplish,  and  one  slip  of  a  file  will  render  the 
whole  work  useless.  This  forms  the  master  tool,  and  from  the 
ma-ter  tool  is  made  the  cutting  tool  which  is  placed  in  a  lathe  to 
cut  the  cast  steel  mold-.  The  internal  prisms  are  formed  by  a 
phinger  whose  process  of  manufacture  is  much  like  that  out- 
lined above. 

In  the  case  of  prismatic  reflectors  (class  2)  there  is  a  series 
of  external,  vertical  prisms,  and  a  smooth  inner  surface.  The 
external  prisms  are  cut  much  in  the  same  way  as  the  internal 
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prisms  are  cut  on  the  plunger  which  forms  the  prisms  on  the 
inner  surface  of  a  prismatic  globe,  having  both  external  (hori- 
zontal) and  internal  (vertical)  prisms.  A  smooth  plunger  is 
used,  whose  shape  and  size  conforms  to  the  contour  of  the  mold 
in  which  are  cut  the  external  prisms,  for  actually  pressing  the 
reflector. 

Coming  to  the  actual  process  of  manufacture:  the  glass,  in 
a  semi-molten  state,  is  dropped  into  the  mold,  the  exact  amount 
each  time  being  carefully  calculated,  so  that  there  will  be  neither 
excess  nor  laclc  of  material.  The  plunger,  operated  in  some 
cases  by  a  steam  press,  is  then  brought  down  into  the  mold, 
pressing  the  glass  into  its  shape.  The  mold,  which  is  in  four 
pieces,  is  then  opened  and  the  glass  carefully  taken  out  and 
placed  in  a  holding  tool,  with  which  it  is  placed  in  the  fire- 
polishing  furnace.  After  being  duly  fire-polished,  it  is  brought 
out  again,  and  in  the  hands  of  an  expert  workman  it  receives 
its  final  shape,  crimping,  etc.  It  is  then  ready  for  the  annealing 
oven,  going  through  different  gradations  of  temperature  so  as 
to  be  thoroughly  annealed.  Coming  from  the  annealing  oven, 
the  glass  is  placed  on  the  grinding  wheels,  and  all  rough  sur- 
faces on  the  collars  are  ground  away.  The  glass  is  then  care- 
fully washed  and  wrapped  in  paper  to  protect  it  from  dust  and 
chipping.     It  is  then  ready  to  be  packed. 

In  all  these  processes,  the  utmost  care  must  be  taken  to  obtain 
absolute  accuracy.  Wherever  this  accuracy  is  not  had  the  results 
are  entirely  different  from  those  calculated  and  occasion  a  loss. 

After  a  mold  has  been  used  it  is  returned  to  the  tool-room  and 
carefully  cleaned  with  emery  and  oil.  Although  this  is  done 
with  great  care,  the  mold  wears  slightly ;  so  that  after  a  number 
of  turns  the  mold  must  be  destroyed  and  a  new  one  made,  if 
accurate  results  are  to  be  obtained.  To  the  ordinary  observer, 
globes  made  from  a  worn  mold  look  like  ones  where  the  prisms 
are  sharp,  but  the  results  are  far  different  in  the  light-giving 
qualities.  Absolute  uniformity  and  accuracy  are  the  watchwords 
in  the  manufacture  of  all  such  globes  and  reflectors  if  the  de- 
sired results  are  to  be  obtained. 
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PART   III. 


BY    L.    W.    YOUNG. 


This  part  of  the  symposium  deals  in  a  general  way  with  the 
requirements  of  modern  illumination  glassware.  It  sets  forth 
the  characteristics  of  a  single  brand  of  such  glassware  known  in 
trade  by  the  name  Alba.  For  convenience  in  presentation  of  this 
paper,  glassware  is  divided  into  three  classes  (i)  commercial 
shades,  (2)  ball  globes,  spheres  and  stalactites,  (3)  bowls,  urns 
and  similar  decorative  pieces  and  special  shapes. 

Though  similar  in  some  respects,  there  are  distinctive  require- 
ments for  the  glassware  of  each  of  the  latter  three  classes. 
Shades  need  primarily  the  qualities  of  reflection  in  order  to  be 
normally  efficient,  and  secondly  the  properties  of  diffusion  to 
make  reflection  uniform  and  smooth  and  to  give  that  decorative 
beauty  which  causes  them  to  be  unconsciously  gratifying  to  the 
senses.  Ball  globes  and  spheres  need  qualities  of  translucency 
without  selective  absorption  which  would  cause  the  distortion  of 
the  true  color  of  the  light  source;  low  absolute  absorption, 
meaning  good  efficiency,  other  things  being  equal ;  and  good 
diffusion  to  allow  the  whole  globe  to  become  a  source  of  light. 
Decorative  pieces  are  not  designed  to  be  primarily  efficient, 
hence  the  requirements  are  principally  attractive  design  and 
color,  good  diffusion  and  a  composition  and  structure  which  will 
either  allow  the  glass  to  assume  the  color  of  the  light  source,  or 
else  give  it  certain  definite  properties  identical  with  those  of 
high  selective  absorption. 

The  composition  of  this  glass  is  peculiar.  When  endeavors 
were  being  directed  towards  producing  a  pure  white  diffusing 
glass  of  superior  character,  it  was  noted  that  such  a  glass  must 
fill  the  following  requirements.  It  must  have  a  universal  "day- 
light" color,  hence  be  white.  It  must  possess  the  powers  of 
diffusion  as  an  original  property,  as  distinguished  from  glass- 
ware which  is  made  non-transparent  by  some  roughing  treat- 
ment. It  must  possess  a  minimum  of  selective  absorption 
to  appear  white  in  commercial  use  if  the  source  be 
white,    or   in    residence   use    to   appear   colored    like   the    source 
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may  be  colored.  It  must  possess  a  minimum  of  absolute  or 
total  absorption  which  usually  is  contradictory  to  good  diffusion, 
meaning  that  a  careful  balance  must  be  determined  between  these 
two  qualities.  It  must  have  properties  of  reflection  to  be  use- 
ful as  a  reflector,  and  yet  not  sacrifice  for  pure  reflection  those 
qualities  which  please  the  physical  senses.  It  must  have  a  low 
coefficient  of  expansion  to  provide  for  fittings  to  metal,  not 
fragile,  and  be  able  to  resist  heat.  To  just  what  extent  such 
glass  should  possess  certain  other  refined  characteristics  such  as 
properties  of  the  absorption  of  ultra-violet  rays  and  fluorescence 
has  not  been  definitely  determined.  However  in  the  glass  under 
consideration  it  is  fairly  evident  that  some  fluorescence  does 
occur,  which  argues  for  efficiency  in  conjunction  with  light- 
sources  of  an  over-abundance  of  short  wave-lengths. 

The  chemical  composition  of  this  glass  and  its  physical  char- 
acteristics are  unique  in  several  respects.  It  seems  to  most  near- 
ly fulfil  the  aforementioned  requisites.  It  is  of  a  clear  or 
crystal  base,  holding  in  itself  by  a  species  of  colloidal  suspension 
a  very  great  number  of  infinitesimal  flakes.  These  flakes  act  to 
give  color  to  the  glass,  to  break  up  the  rays  of  light  and  to  aid 
in  reflection  of  light.  This  glass  is  entirely  distinctive  from  the 
so-called  "milk"  or  opal  glasses,  which  reflect  largely  from  the 
surface  and  are  highly  absorbent,   both  absolute  and  selective. 

The  features  or  advantages  claimed  for  it  by  its  manufacturer 
are  as  follows,  (t)  Good  reflection,  (2)  partially  controllable  re- 
flection, (3)  partially  diffuse  reflection,  (4)  efficient  transmission, 
(5)  true-color  transmission,  (6)  diffuse  transmission,  (7)  cleanli- 
ness and  permanency,  (8)  excellent  physiological  effects  aiding  in 
conservation  of  vision,  (9)  possible  advantageous  physical  proper- 
ties of  ultra-violet  absorption  and  of  fluorescence,  (10)  artistic 
effects  capable  of  being  produced  in  both  design  and  color,  (11) 
ability  to  assume  the  color  of  the  light  source,  (12)  general  bal- 
ance of  diffusion  transmission  and  reflection  of  light. 

To  the  foregoing  statements  a  few  supplementary  notes  seem 
necessary.  Unlike  sand-blasted  shades  the  distribution  curves  of 
Alba  shades  shows  a  consistently  good  proportion  of  flux  in  the 
lower  hemisphere,  that  is  from  shades  designed  for  such  distribu- 
tion.    The  range  of  reflection  of  four  typical  distribution  curves 
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of  such  shades  (fig-.  1  1  shows  the  range  over  which  reflection  can 
normally  be  varied,  and  indicates  the  latitude  of  selection  of 
shades   at   the   disposal   of   the    illuminating   engineer. 

The  question  of  efficient  transmission  can  be  answered  best  by 
means  of  comparative  tests  upon  totally  enclosing  spheres  or  ball 
globes.  Typical  distribution  cur  ►bes  such  as  are  used  prin- 

cipally in  decorative  tungsten  lamp  boulevard  lighting  are  shown 
in  fig.  2  and  from  the  data  of  this  same  test  the  following  fig- 
ures on  total  absorption  have  been  compiled  :  standard  crystal 
roughed  inside  globe  when  new  and  clean   16.75  ]>er  cent.;  thin 


Pig.  1.     Poor  typical  curves  of  light  distribution  from  Alba  shades. 


opalescent  15  per  cent:  regular  Alba  13.5  per  cent.  The  size  of 
globes  used  in  the  test  was  10  inches:  the  source  of  light  was  a 
60-watt  series  tungsten  lamp  burning  on  high  efficiency  rating. 
The  globe-  which  were  tested  are  shown  in  fig.  3.      Here  -diould 

be  noted  the  lack  of  diffusing  powers  of  crystal  roughed  wares 

as  evinced  by  a  similarity  between  the  curve  of  the  hare  lamp 

and   the   lamp   when    equipped    with    this    kind    of   globe.     Also 

ed  hardly  be  stated  that  constant  collection  and  absorption 

of  dirt  materially  increased  the  absorption  of  crystal   roughed 

globe,  and  that  the  absorption   in  opalescent 

tion   of  the  thickness   of   the   layer  or  "casing"  of  dense  opal 

which   in   conjunction   with  one  or  more   layers   of   clear 

■us  the  walls  of  such  gli  ' 
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Diffuse  reflection  and  transmission   are  properties  very   diffi- 


Fig.  2.— Typical  distribution  curves  from  globes  used  with  tungsten  lamps 
in  boulevard  lighting. 


Fig.  3. — Type  of  globe  used  in  tungsten  lamp  boulevard  lighting  (see  Fig  2). 

cult  of  experimental  determination  and  their  proof  is  and  must 
be  the  absence  of  glare  or  the  sense  of  fullness  and  satisfaction 
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left— perhaps  unconsciouslj  in  the  mind  of  the  observer.  Con- 
cerning the  reflection  from  the  inner  surface  of  an  Alba  shade 
the  results  of  comparative  tests  made  upon  t\\"  of  shades 

(fig.   4)    whose   distribution   curves   have  been   determined   first 


l-U'    \.     Two  typical  shades  for  interior  lighting. 

with  the  regular  surface  and,  second,  with  the  inner  surface 
frosted  (fig.  5  and  fig.  6)  should  be  noted.  There  is  a  surpris- 
ingly small  difference.  The  conclusion  is  that  the  original  re- 
flection from  the  regular  surface  is  considerably  diffuse  in  char- 


^^Z  7?%Z 


Light  distribution  curves  from  a  shade  with  regular  and 
inner  surf  aces  (shade  shown  in  6g 


acter  or  that  the  inner   surface  plays  but  a   small   part   in   the 
reflection  results  and  that  the  ide  is  large'y 

concerned  in  the  reflection.     Either  view  would  mean  a  softened 
quality  of  light  in  the   regular  operation  of   the   shade. 
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Cleaning  is  a  very  pertinent  question  to  be  answered  in  any 
extensive  installation  of  glassware.  Research  of  Mr.  C.  E. 
Clewell  of  the  Westinghouse  Company  and  others  has  been  di- 


Fig.  6.— Light  distribution  curves  from  a  shade  with  regular  and  frosted 
inner  surface  (shade  shown  in  fig.  4). 


Fig.  7.— Distribution  of  light  from  a  shade,  showing  the  balance 
obtained  between  the  upper  and  lower  hemispherical  flux. 


rected  toward  this  end.  Naturally  the  most  readily  cleaned 
surface  is  the  one  which  is  perfectly  smooth  and  with  fewest 
possible  ribs  or  crevices. 
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Closely  connected  with  the  question,  cleaning  is  the  considera- 
tion of  breakage.  This  is  largely  a  matter  of  moderate  care; 
but  it  is  also  true  that  expansion  of  glass  has  a  large  effect  in 


-Distribution  of  light  from  a  shade,  showing  the  balance 
obtained  between  the  tipper  and  lower  hemispherical  flux. 


1  lg    ,  -Distribution  of  light  from  a  shade,  showing  the  balance 
obtained  between  the  upper  and  lower  hemispherical  tl 

breakage  particularly  under  sel  .  etc.  It  n  nteresting 

tci  note  in  this  connection  that  the  coefficient  of  expansion  for 
Alba  glass  is  0.00000^7.       When  compared  with  the  1 
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0.0000056  of  what  is  known  as  ''high-speed"  glass,  which  is  so 
little  affected  by  temperature  changes  as  to  be  successfully  used 
in  gage  glasses,  stove  door  plates  and  the  like,  this  low  figure 
is  somewhat  remarkable.  And  though  its  coefficient  is  higher 
than  that  of  the  high  speed  class,  it  is  not  infrequently  used  in 


Kig.  10. — Pendant  sphere  for  decorative  interior  lighting. 


the  manufacture  of  inner  globes  for  enclosed   arc  lamps.     The 
coefficient  of  expansion  of  lime  glass  is  0.0000094. 

The  physiological  and  in  many  senses  the  final  results  are  al- 
ways to  be  considered  in  judging  illuminating  glassware.  It 
has  been  said  that  an  expert  in  judging  the  illumination  looks  at 
the  object  illuminated,  while  the  novice  looks  at  the  light  source.  It 
must  be  admitted  that  both  views  are  criteria  of  the  true  illumina- 
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don  in  any  case,  [f  one  would  imitate  daylight  he  must  have  a 
diffused  light  coming  in  general  from  above,  and  the  adaptation 

through  many  generations  of  the  eye  to  the  light  from  above 
has  led  to  the  use  of  light-colored  ceilings  and  conforming 
modes  of  interior  decoration.  Furthermore  in  artificial  illumina- 
tion it  seems  reasonable  that  it  is  a  mistake  from  the  viewpoint 
of  physiological   comfort   to   have   heavy    shadows   around   and 


Fig.  11—  Dish  shaped  shade  for  decorative  semi-indirect  lighting 

the  working  plane,  thereby  attempting  to  make  day  and 

night  illuminati'  n  distinctly  different.  Such  arguments  lead  to 
the  conception  of  an  illuminating  system  wherein  the  proportions 
of  upward  and  downward  light  are  nicely  adjusted  to  illuminate 
the  working  plane  amply  and  the  other  portions  of  the  room  less 
intensely.  And  a  difference  of  intensity  is  required — whether 
it  be  from  the  scientist's  viewpoint  for  tl  ition  of  "vis- 

ual  purple"    in   the    retina   or    from   the   layman's   viewpoint   of 
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merely  "resting"  the  eyes  by  looking  at  other  points  than  on  the 
working  plane —  and  just  such  a  balance  between  upper  and 
lower  hemispherical  flux  is  what  has  been  aimed  at  in  Alba 
commercial  shades.  The  appended  distribution  curves,  figs.  7, 
8  and  9  show  how  this  balance  has  been  accomplished  to  suit 
general  practise.     Averages  of  the  majority  or  regular  types  of 


Fig.  12. — A  fancy  urn  for  decorative  interior  lighting. 

these  shades  give  figures  of  36.9  per  cent,  upper  and  63.1  per 
cent,  lower  flux. 

Pendant  spheres  should  be  mentioned  as  the  first  prominent 
diffusing  unit  used  in  connection  with  large  tungsten  lamps  for 
successful  decorative  interior  illumination  (fig.  10).  No  new 
mechanical  principles  are  involved  in  these  units  beyond  the 
devices    of    their     supporting     fitters    and    the    glass     being    in 
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hemispheres  giving  easj  access  to  the  interiors  for  lamp  re- 
newals and  cleaning.  Photometrically  these  sphei  come 
the  grave  defects  of  crystal  roughed  globes,  namely,  "spot"  light- 
ing and  apparent  distortions  of  the  unit,  which  faults  have  been 
sufficiently  commented  upon  in  former  issues  of  the  Trans- 
actions. 

Artistic  effects  in  this  glass  arc  now  being  obtained  in  a  la 
and  increasing  number  of  special  shapes.  Prominent  among 
these  are  dishes  tor  semi-indirect  lighting,  fig.  u,  one  being 
twenty-two  inches  in  diameter  with  a  classic  relict"  very  typical 
of  carved  alabaster  or  Carrara  marble  and  adapted  for  a  cluster 
of  40-  or  60-watt  lamps.  A  large  urn,  fig.  12,  of  similar  com- 
tion  is  used  for  much  the  >ame  purpose.  Architectural  req- 
uisites can  surely  he  met  by  such  pieces  where  the  decorative 
illumination  of  a  large  interior  becomes  in  truth,  a  part  of  the 
interior  furnishings.  Nor  is  the  lighting  efficiency  at  all  poor 
since  in  a  typical  residence  dining  room  of  dark  hni-h  and 
mahogany  furniture  the  results  are  well  above  two  lumens 
per  watt. 

Glas>  plates  and  tile  are  rapidly  coming  into  extensive  use 
for  concealed  illumination  notably  in  the  to])-  of  display  windows 
and  the  domes  of  lobbies  and  auditoriums  or  in  the  forms  of 
friezes  and  girandoles.  In  such  cases  a  diffusing  glass  of  low 
absorption  is  a  requisite,  meaning  the  use  of  as  few  lighting 
units  as  possible  and  still  obtaining  an  apparent  source  with  uni- 
form intensity  of  radiation  over  its  whole  area.  Cylinders  and 
troughs  of  this  glass  now  on  the  market  suitable  for  continuous 
filament  lamps  should  also  find  a  place  in  many  illumination 
specifications. 

The  almost  infinite  variety  of  purely  decorative  shades  could 
hardly  he  described  here  Illustrations  of  ;i  few  of  these  are 
given.  One  of  the  most  handsome  types  i-  shown  in  tig.  13. 
These  are  shades  in   Sheffield   and   Art    Noveau   d<  ither 

fluted  or  elaborated  with  green  or  verde  ribs  and  showing  pink, 
yellow,  orange,  green,  ami  irridescenl  coli  rs.  Particularly  suit- 
able for  the  illumination  of  a  den  or  similar  residence  rooms 
K  the  class  of  colored  ware-  lik<   -;  hown  in  tig.  14.     This 

ware  comes  in  various  a  reen,  ruby,  amber,  oj 
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cent,  or  in  all  such  colors  heterogeneously  combined,  and  usually 
possesses  a  roughed  or  pitted  exterior  surface  and  is  pressed  in 
square,  hexagonal,  or  novel  shapes.  Wide  application  is  made 
of  this  glassware  to  electric  portable  lamp  shades. 

All  these  types  of  shades  in  their  various  styles  and  designs  to- 


Fig.  13.— Several  types  of  artistic  shades  for  decorative  interior  lighting. 

gether  with  cut  and  etched  frosted  and  sand-blasted  glassware 
can  he  found  to  meet  any  normal  requirement  of  the  discriminat- 
ing illuminating  engineer.  Such  a  latitude  of  choice  means  less 
routine  and  more  selection  on  the  part  of  the  engineer  and  less 
dissatisfaction  on  the  part  of  the  consumer.     Constant  investi- 


Fig.  14.— Artistic  shades  for  den  or  similar  interior  decorative  lighting. 

gations  in  the  field  of  illuminating  glassware  leading  up  to 
new  glasses  new  shapes  and  new  devices  and  bringing  about 
now  ideas  of  illumination  must  lead  to  the  desirable  attainment 
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lapting  artificial  illumination  to  all  the  various  wants  of 
mankind.  Just  as  these  wants  arc  becoming  insistent  and  mani- 
fold so  must  illuminating  glassware  be  given  careful  considera- 
tion and  have  a  wide  latitude  in  design  and  manufacture  to  fulfil 
these  wants. 

DISC 

Mr.  Norman  Macbeth: — The  continued  advisability  of  barring 
from  our  TRANSACTIONS  matters  leaning  towards  the  commercial 
>ide  has  been  a  subject  on  which  I  have  not  always  been  in  full 
agreement  with  other  members  of  this  society.  The  lines  have  in- 
variably been  drawn  very  tightly  in  the  past  and  it  was  my  im- 
pression  that  a  judicious  amount  of  commercialism  would  help 
the  section  attendance,  arouse  a  more  general  interest  among  the 
bulk  of  the  membership  and  would  add  to  the  value  of  our  one 
very  important  an  much  appreciated  contribution — the  discussion. 
I  favored  permitting  a  writer  to  go  as  far  as  he  liked,  with  the  al- 
most certain  knowledge  that  if  he  couldn't  be  good  he  must  at 
least  be  careful  and  that  the  greater  the  distance  he  overstepped 
into  pure  commercialism,  the  greater  would  be  the  drop  after 
those  members  whose  interest  lay  in  the  development  of  the  so- 
ciety along  broad  lines  had  concluded  the  puncturing  of  the  ficti- 
tious claims  made  purely  from  the  standpoint  of  their  resultant 
advertising  value.  After  listening  to  these  papers  and  the  dis- 
cus-ion so  far  presented,  I  am  inclined  to  agree  with  the  so- 
called  conservative  members  who  feared  or  foresaw  the  results 
of  just  such   an  experiment. 

There  are  a  few  points  to  which  I  would  like  to  call  attention. 
In  fig.  5  of  Mr.  Marshall's  paper  is  given  a  diagram  with  two 
distribution  curve-,  one  of  a  prismatic  ball  globe  of  the  manu- 
facture approved  by  the  writer,  and  the  other  of  an  imitation. 
On  another  page  it  is  stated  under  ''How  to  tell  Pendants  from 
Uprights."  "If  tin-  nail  catches  in  running  away  from  the  neck  it 
i-  an  upright:  while  if  it  catches  going  toward  the  neck  il 
pendant."  T  would  like  to  know  whether  this  test  was  applied 
to  these  two  ball-,  particularly  to  the  imitation:  because  if 
invert  that  curve,  assuming  that  the  imitation  ball  was  an  upright 
it  prove-  to  have  a  very  excellent  distribution. 
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In  fig.  6  of  the  same  paper,  the  photometric  curves  show  the  re- 
sults on  a  prismatic  globe  clean  and  dusty.  This  diagram  has 
been  quite  familiar  to  many  readers  of  illuminating  literature  for 
some  years,  but  I  feel  that  the  curve  should  be  very  positively 
qualified  by  the  statement  that  it  is  of  an  enclosing  ball  globe. 
Many  salesmen  not  familiar  with  the  technical  terms  of  the  art 
confuse  globes  and  reflectors.  I  have  even  known  those  who 
should  be  better  informed  to  refer  to  this  test  as  evidence  bearing 
on  the  effect  of  dust  on  prismatic  glass  reflectors.  The  inference 
is  decidedly  improper,  that  a  reflector  may  be  used  "for  several 
months  in  a  dusty  place,  allowing  a  heavy  coating  of  dust  to  ac- 
cumulate on  its  outer  surface  with  a  loss  of  light  due  to  dust  of 
only  13  per  cent,  almost  all  of  which  was  in  the  light  distributed 
above  the  horizontal."  I  may  be  mistaken,  but  it  would  appear 
to  me  to  be  of  vastly  greater  importance  had  figures  been  given 
on  prismatic  reflectors,  the  output  of  which  when  compared  with 
ball  globes  must  be  many  times  greater  and  to  which  a  large 
proportion  of  the  manufacture  is  undoubtedly  confined.  The 
ordinary  glass  reflectors,  if  left  in  a  medium  dusty  place  for  that 
period,  would  show  a  loss  of  perhaps  30  to  50  per  cent. 

It  should  be  emphasized  on  every  occasion,  that  all  reflectors, 
whether  glass  or  metal,  should  be  thoroughly  cleaned  regularly. 
The  interval  between  cleanings  is  strictly  dependent  upon  the 
locations  where  the  reflectors  may  be  installed.  The  interval  may 
be  that  during  which  the  loss  in  light,  due  to  dust,  is  not  exceeded 
in  cost  by  the  expense  of  a  thorough  cleaning. 

There  is  another  test  reported  here  on  page  866  on  the  absorp- 
tion of  scientifically  designed  globes,  which  Mr.  Marshall  could 
properly  have  brought  up-to-date.  From  the  foot  note  it  would 
appear  to  be  now  somewhat  over  ten  years  old.  At  this  date, 
we  cannot  well  question  the  work  done  at  the  Massachusetts 
Institute  of  Technology,  nor  the  result  that  the  total  loss  was 
but  12.3  per  cent.  The  statement  on  page  899  that  the  absorption 
was  13.5  per  cent,  with  a  blown  Alba  ball  which  was  so  quickly 
questioned  by  a  previous  speaker  and  referred  to  as  a  remarkably 
high  efficiency,  would  seem  to  lead  to  a  possible  conclusion  that  the 
lesser  loss  with  the  prismatic  globes, — not  of  thin  blown  glass, 
but  of  pressed  glass  which  "consists  of  a  series  of  vertical,   in- 
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ternal,  diffusing  prisms,  *     combined  with  a  series  of 

external,  horizontal,  compound,  redirecting  prisms,  having  both 

refracting  and  reflecting  faces"  — may  Ik-  due  to  the  assumption 
that  the  index  of  refraction  of  the  glass  used  ten  years  ago  was 
very  much  higher  and  also  that  the  glass  possessed  advantages  in 
the  one  particular  as  regards  Hght  absorption  at  least,  to  a  very 
much  greater  extent  than  the  glass  which  is  at  present  available. 
The  results  of  an  exceedingly  interesting  series  of  tests  were 
given  in  the  second  paragraph  on  page  875.  and  while  Mr.  Mar- 
shall perhaps  properly  felt  that  it  would  add  appreciably  to  the 
length  of  his  paper  to  touch  upon  the  details  of  these  tests,  I  hope 
he  will  reconsider  his  decision.  "With  the  use  of  satin  finish 
reflectors  the  efficiency  as  measured  in  purely  physical  terms  is, 
perhaps,  five  to  ten  per  cent,  less  than  that  obtained  with  clear 
reflectors;  yet  the  'visualizing  efficiency'  is  higher."  This  is  a 
matter  in  which  I  feel  we  are  all  much  interested,  and  I  would 
appreciate  a  suggestion  as  to  how  such  tests  can  be  best  con- 
ducted, also  a  brief  description  of  the  tests  made  which  warranted 
the  above  conclusion. 

.1//-.   V.  R.  Lansingh: — There  are  one  or  two  points  in  Mr. 

Marshall's  contribution  I  want  to  call  attention  to.  If  you  will 
kindly  turn  to  page  871  you  will  see  a  number  of  photometric 
curves.  Fig.  19  shows  photometric  curves  of  a  bare  lamp,  of  a 
ground  glass  bowl,  of  a  prismatic  hemisphere,  of  a  beaded  and  of 
an  opaline  bowl.  The  curves  on  the  right  hand  side  wcr, 
tained  without  any  reflector  inside  the  hemisphere;  and  on  the 
left-hand  side  with  the  proper  reflector.  It  seems  to  me  that  is 
a  very  valuable  set  of  curves  and  shows  what  is  possible  with  all 
kinds  of  hemisphere  lighting  simply  by  using  a  reflector  inside. 
Nine  hemispheres  out  of  ten  as  mounted  arc  not  mounted  with 
any  form  of  reflector  inside.  Mr.  Marshall  has  called  attention 
to  a  white  asbestos  disk  placed  inside  to  increase  the  total  flux 
of  useful  light  very  materially,  and  that  is  independent  of  the 
nature  of  the  enclosing  envelope  used. 

Mr.    Marshall    on    another   page    shows    a    number   of    typical 

photometric   curves    from    prismati  >mparing    Mr. 

Marshall's  paper  with   th<  her  kinds   ..f   lighting 

-ware,  the  thing  which  stril  rcibly  is  the  flexi- 
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bility  of  the  prismatic  system  acting  as  it  does  by  specular  re- 
flection. The  varied  distribution  curves  are  quite  remarkable ; 
for  example,  figure  43  as  compared  with  figure  31.  Figure  31 
has  an  end-on  candle-power  equal  to  about  the  rated  horizontal 
candle-power  of  the  lamp  while  fig.  43  has  an  end-on  candle- 
power  of  eight  times  the  rated  horizontal  candle-power  of  the 
lamp,  a  ratio  of  eight  to  one. 

Perhaps  the  worst  enemy  of  the  prismatic  system  is  itself. 
By  that  I  mean,  acting  as  it  does  by  specular  reflection  the  same 
as  mirrored  reflectors,  it  is  necessary  to  use  it  correctly  in  order 
to  get  predetermined  results.  If  the  filament  or  incandescent 
lamp,  or  mantle  in  the  case  of  the  gas  burner,  is  placed  in  the 
wrong  position  one  will  not  get  the  results  which  he  expected; 
and  this  is  clearly  brought  out  by  Mr.  Marshall  in  figure  71.  I 
would  like  those  who  have  their  papers  just  to  note  that  figure. 
The  difference  between  those  two  photometric  curves  is  very  re- 
markable, and  yet  they  were  obtained  with  the  same  lamp  and 
the  same  reflector  but  in  different  holder  positions. 

As  other  examples  of  the  flexibility  of  this  system  note  figs. 
86,  87  and  88.  From  a  ball  of  the  prismatic  type  these  three 
different  and  distinct  curves  of  distribution  were  obtained  by 
placing  the  lamp  in  different  positions.  This  may  or  may  not  be 
a  desirable  thing.  If  it  is  used  correctly  there  is  a  very  good 
means  at  .  one's  disposal  to  get  any  illumination  within  wide 
range,  but  if  put  in  the  hands  of  a  novice  and  used  in  any  old 
way,  obviously  one  may  get  just  exactly  what  he  doesn't  want. 

Mr.  F.  L.  Godinez: — Referring  to  Mr.  Marshall's  contribution 
I  think  it  is  generally  understood  that  in  prismatic  glass  the 
utilization  of  the  flux  is  thirty  per  cent,  in  the  upper  hemisphere 
(transmitted)  and  seventy  per  cent,  below  (reflected)  I  would 
like  to  enquire  from  Mr.  Marshall  if  he  can  give  some  figures  re- 
garding the  separation  of  that  seventy  per  cent,  reflector  flux : 
first,  what  per  cent,  is  due  solely  to  prismatic  reflection  and 
second  what  per  cent,  is  due  to  specular  reflection  from  the  pol- 
ished surface  of  the  glass  independent  of  prismatic  reflection? 
Attention  is  directed  to  the  fact  that  the  curve  shown  in  fig.  69 
is  without  any  photometric  data ;  also  no  photographs  of  the  re- 
flectors are  shown.     Comparison,  is  therefore  impossible. 
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On  another  page  Mr.  Marshall  lias  shown  a  cut  which  we 
have  all  observed  quite  frequently  regarding  the  dirt  effect  on 
prismatic  globes.  I  would  like  to  ask  it  any  curves  have  been 
shown  indicating  the  depreciation  of  transmitted  flux  due  to  ac- 
cumulated dust  and  dirt  falling  on  reflectors  not  globes. 

In  figures  36  and  37  there  are  two  types  of  globes  indicated 
resembling  'prisms."  1  would  like  to  enquire  whether  these 
"prisms''  were  added  for  utility  or  grace  and,  if  so  to  what  ex- 
tent  they   are   efficient. 

Mr.  A.  J.  Marshall : — Referring  to  the  discussion  by  Mr. 
Macbeth,  relative  to  the  use  of  glassware  in  a  pendant  or  up- 
right position,  I  wish  to  say  that  I  have  already  dwelt  on  the 
fact  that  in  glassware  there  is  no  one  panacea  for  all  lighting  ills, 
and  no  one  particular  kind  of  glassware  that  gives  thorough 
satisfaction  for  every  condition.  In  answer  to  Mr.  Macbeth's 
question  I  wish  to  state  that  the  globe  tested  was  marked  as  an 
upright  ball,  and  was  so  tested. 

From  a  reference  to  Mr.  Macbeth's  remarks  concerning  ab- 
sorption, regarding  the  test  made  by  the  Massachusetts  In- 
stitute of  Technology,  one  would  be  lead  to  believe  that  the 
company  manufacturing  the  glassware  under  discussion  has 
gone  backwards  instead  of  forward,  the  inference  being  that 
the  glassware  now  used  is  not  as  good  as  that  formerly  employed. 
Such  supposition  is  hardly  worthy  of  discussion.  As  a  matter  of 
fact  the  manufacture  has  been  improved. 

Now  as  regards  effect  of  dust— Mr.  Macbeth  wants  me  to  lay 
particular  stress  on  the  fact  that  in  the  test  under  discussion  wc 
are  dealing  with  an  enclosing  ball.     T  have  already  tried,  to  the 
»f  my  ability,  in  the  paper,  to  convey  such  impression. 

With  reference  to  Mr.  Godinez's  remarks  relative  to  the  use  of 
prisms  on  glassware,  I  musl  say  that  the  company  responsible 
for  this  development  wants  it  thoroughly  und<  'hat  such 

glassware   a-    here   shown    is   not    marketed   as   being  equal   in 
physical   efficiency,   to  that    of   its   high-efficiency    i 
stated  in  the  paper,  a  certain  percentage  of  this  pin  iency 

has  been  sacrificed  jn  oHer  to  oMain   i  '  with   the 

artistic.    The  amount  of  loss  is  largely  dependent  upon  formation 
and  treatment. 
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Mr.  Godinez  would  also  like  to  know  what  per  cent,  of  light 
in  the  lower  hemisphere  is  obtained  by  skin  reflection  from  the 
inner  side  of  the  reflector,  and  that  obtained  through  the  use  of 
prisms.  I  would  refer  Mr.  Godinez  to  figures  69  and  70.  Fig- 
ure 69  was  made  with  an  intensive  reflector  with  a  standard 
stiletto  prism  on  the  outer  surface,  and  with  a  clear  inner  sur- 
face, fig.  70  shows  a  curve  obtained  from  a  clear  glass  shade, 
same  size  and  shape,  as  the  reflector  from  which  curve  in  fig.  69 
was  obtained.  In  other  words,  there  is  a  plain  shade  having  no 
exterior  prismatic  formation,  with  a  clear  inner  surface,  of  the 
same  grade  of  glass  as  that  used  in  reflector  from  which  fig.  69 
was  obtained.  It  is  obvious  that  the  skin  reflection  plays  a  very 
small  part  in  the  redistribution  of  light  in  this  glassware. 

Mr.  V.  R.  Lansingh: — In  Mr.  McCormack's  contribution  to 
the  symposium  this  statement  in  regard  to  uniform  illumina- 
tion— "From  both  the  viewpoint  of  the  public  and  the  lighting 
company,  installations  of  that  sort  are  most  undesirable."  I 
think  that  he  does  not  express  quite  what  he  means  when  he  says 
that  uniform  illumination  is  undesirable.  He  means  I  think, 
that  the  monotony  of  the  installations  rather  than  the  uniformity 
of  illumination  is  undesirable,  because  uniform  illumination  as  an 
engineering  problem,  irrespective  of  how  it  is  obtained,  is  desir- 
able in  stores  and  offices.  For  example,  in  dry  goods  stores, 
where  things  are  moved  around  from  place  to  place  and  from 
time  to  time,  uniform  illumination  is  essential ;  also,  in  large 
offices  where  desks  are  moved. 

Mr.  McCormack  also  states  that  specular  reflection  and  glare 
are  practically  synonymous.  If  one  should  look  up  at  the  inside 
of  reflectors  suspended  above  his  head  he  would  observe  specular 
reflection.  Of  course,  with  a  high  polished  opal  or  prismatic  re- 
flector there  is  a  large  amount  of  glare ;  but  as  a  matter  of  fact 
one  very  seldom  looks  up  into  a  reflector.  The  old  adage  of 
looking  at  the  illumination  and  not  at  the  light  applies  in  this 
case.  However,  I  want  to  call  attention  to  the  fact  that  as  re- 
gards light  on  the  work  on  this  paper,  for  example — whether  it 
comes  from  diffuse  reflection  or  specular  reflection,  it  differs  not. 
There  is  no  more  glare  on  this  paper  if  the  light  is  specularly 
or  regularly  reflected  from  the  light  source  than  if  it  were  diff- 
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I.  The  two  are  the  same  ami  the  only  difference 
comes  when  "lie  looks  at  the  light  itself.  In  the  case  "i"  specu- 
lar reflection  the  area  of  lighted  surfao  .illy  .smaller  than 
it  is  in  the  case  of  the  other;  ami,  consequently,  there  is  more 
glare;  hut  with  the  same  illumination  (the  same  foot-candle  in- 
tensity)   falling  on  the  work,  there   is  no  difference,  whal 

(  >n  another  page  the  author  -ays  that  a  flat  reflector  depolished 
gives  less  glare  than  a  polished  reflector.  It  is  hardly  necessary 
to  comment  on  that  for  the  reason  that  a  flat  reflector  exposes  the 
hare  lamp,  and  the  glare  from  a  hare  lamp  is  much  greater  than 
that  from  even  a  polished  reflector  . . r  that  type. 

.1/r.  F.  L.  Godincz: — Mr.  Lansingh,  I  believe,  in  referring  to 
Mr.  McCormack's  paper  spoke  of  uniform  illumination  as  being 
desirable  in  installations  of  a  type  where  merchandise  or  counters 
perhaps  might  be  moved.  Certainly  the  small  percentage  of 
installations  of  that  character  it  is  quite  desirable  to  have  the 
lighting  system  installed  so  that  it  will  not  have  to  be  moved 
with  the  furniture.  In  general  installations  of  the  commercial 
type,  particularly  in  the  form  of  long  narrow  interiors,  of  which 
there  are  hundreds  of  examples,  most  notably  those  devoted  t,, 
the  display  of  men's  furnishings — the  common  plan  is  to  il- 
luminate such  interiors  with  a  single  row  of  lamps  and  reflectors. 
Hence  during  rush  hours  when  people  are  standing  in  front  of 
the  counters  on  both  side-,  the  counters  are  in  shadow  and  the 
merchandise  i<  not  properly  displayed.  Obviously  in  such  a 
uniform  illumination  i*  not  d<  Arable  even  if  actually  at- 
tained by  two  rows  of  lamps  and  reflectors  suspended  directly 
over  the  counters.  To  make  installations  original  and  attractive, 
which  is  most  essential,  it  i-  advisable  in  some  cases  to  install  port- 
able lamps  of  artistic  appearance- 1.11  the  counters  at  such  intervals 
that  any  merchandise  which  the  customer  might  examine  would 
l>e  illuminated  in  such  manner  as  to  bring  out  the  true  color  and 
character  of  the  merchandise  exhibited.  An  auxiliary  system 
should  be  utilized  in  the  display  cases,  using  straight  filament 
lamps.  This  would  serve  excellently  for  advertising  purposes 
when  the  store  was  closed,  since  the  show  cases  would  stand  out 
by  contrast.  The  idea  of  using  artistic  ceiling  fixtures  and 
shades,  in   addition,   simply  to  preserve  an   effect  of  originality 
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and  appearance  is  commendable.  Uniformity  in  some  cases  is 
desirable,  but  on  the  other  hand  an  installation  affording  some 
real  advertising  value  by  its  difference  and  attractiveness  is  by 
far  the  most  important  consideration. 

Mr.  Lansingh  in  referring  to  Mr.  McCormack's  paper  said 
glare  and  specular  reflection  are  identical.  Dr.  Cobb  has  verified 
Mr.  McCormack's  statement,  and  Mr.  Stickney  has  also  spoken  of 
the  disagreeable  effect  from  polished  surfaces  of  papers  due  to 
reflectors  giving  specular  reflection  and  not  those  giving  diffuse 
reflection.  It  is  very  true  that  often  from  a  very  highly  polished 
surfaces  reflected  images  of  glaring  light  sources  which  are 
most  objectionable  are  obtained.  Manufacturers,  therefore,  pro- 
vide depolished  prismatic  reflectors  for  commercial  interiors  in 
order  to  afford  diffusion  and  cut  down  glare. 

Mr.  A.  J.  Marshall: — Speaking  of  collodial  suspension:  If 
you  will  refer  to  Mr.  Godinez's  paper  (figure  12)  you  will  find 
a  cut  showing  suspended  particles.  These  particles  are  only 
visible  with  the  aid  of  the  most  powerful  microscope — ultra- 
microscope.  The  specks  that  Mr.  Hibben  refers  to,  I  think,  are 
imperfections,  and  instead  of  aiding  in  the  efficient  distribution  of 
light  flux,  act  as  impediments,  giving  rise  to  loss  of  light.  They 
are  also  objectionable  as  far  as  appearance  is  concerned. 

Mr.  Young  has  made  several  contradictory  statements  in  his 
paper  as  regards  performances  of  Alba  glass.  He  speaks  of  it 
first  as  having  good  reflection,  partially  controllable  reflection, 
partially  diffuse  reflection,  efficient  transmission,  true-color  trans- 
mission, diffuse  transmission,  cleanliness  and  permanency,  ex- 
cellent physiological  effects  aiding  in  conservation  of  vision,  possi- 
ble advantageous  physical  properties  of  ultra-violet  absorption 
and  of  fluorescence,  artistic  effects  capable  of  being  produced  in 
both  design  and  color,  ability  to  assume  the  color  of  the  light 
source,  general  balance  of  diffusion,  transmission  and  reflection 
of  light.  If  Mr.  Young  has  omitted  anything  I  fail  to  notice  it. 
In  the  first  place  a  glass  of  the  milk  or  opal  variety  is  either  a 
good  reflector  or  a  good  diffuser.  It  cannot  be  both,  perfectly. 
The  glassware  that  Mr.  Young  describes  is  not  best  suited  for  use 
as  reflectors.  It  is  a  far  better  transmitter,  and  in  the  form  of 
enclosing  envelopes  gives  good  diffusion  with  fairly  low  loss  in 
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absorption.     The  chief  characteristic  of  this  glassw  in  al> 

Dormal  thickness  of  clear  glass,  in  which,  widely  distributed,  are 
minute  particles  visible  through  the  aid  of  the  ultrami 
and  larger  imperfections  visible  to  the  naked  eye.     While  it  is 
in  most  cases  impossible  to  -tat.  the  exact  loss  of  light  due  to  the 
interfering  particles,  giving  rise  to  good  diffusion,  yet  these  parti- 
cles are  not  so  condensed  as  to  prevent  the  passage  of  light  rays 
through  multiple  reflection.     If  you  will  study  the  structure  of  an 
ordinary  piece  of  opal,  some  two  or  three  times  thinner  than  the 
Alba  glass,  it  will  be  noted  that  the  particles  are  much  compn 
and  offer  concerted  resistance  to  the  light   rays,  giving  n 
high   absorption   when   such  glassware    is    used    in    the    form   of 
totally  enclosing  media.     In  Alba  glass  interference  to  the  pas- 
sage of  light  rays  is  not  great.     Hence  there  is  afforded   a 
transmission  with  low  absorption  making  such  glassware  desira- 
ble for  use  as  enclosing  envelopes.     The  second  class  of  glass- 
ware  redirects  the  light,  and  therefore  is  a  good  reflector,  also 
a  good  diffuser,  but  with  high  absorption. 

I  don't  quite  comprehend  what  Mr.  Young  means  when  he 
refers  to  cleanliness  of  glassware.  I  have  heard  it  stated  that 
certain  formations  of  opal  reflectors  are  very  skittish  :  they  refuse 
to  associate  themselves  with  such  obnoxious  matter  as  dust 
and  dirt.  However,  dust  and  dirt  are  rather  forward  and  like- 
ly to  thrust  themselves  where  they  are  not  wanted. 

Mr.  Young  speaks  of  true  color  transmissi  .1  fifth  quali- 

ty, and  in  the  ninth  he  mentions  possible  advantageous  ph. 
properties  of  ultra-violet  absorption  and  of  fluorescence.     These 
statements  are  highly  contradictory.      In  one  he  state  -  the  glass- 
Ware  has  selective  absorption,  and  the  other  gives  true  color  trans- 
missions.    If  it    i>   selective   in   its  absorption,  then  the  color  is 
changed.   Mr.   Young  would  have  us  believe  that  the  absorption  of 
Alba  balls  giving  good  diffusion   is   almost    nil.     We.   how* 
should  not  confuse  Alba  balls  that  do  diffuse  tin-  light  and  tl 
that  do  not — or  not  to  a  finished  degi 

Mr.  Young  states  on  another  pagi   "Naturally  the  tdily 

cleaned  surface   i-  the  one   which  tly   smooth   and  with 

t  possible  rib-  or  ci  I  note  that  all  Alba  glas-ware 

is  made  with  these  crevices  or  ril  re  has  been  cr>  much 
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said  about  the  question  of  dirt,  and  chiefly  on  one  side,  that  I 
would  like  to  say  a  word  in  behalf  of  the  other.  Take  a  piece  of 
glassware  approaching  this  in  color  (indicating  white  sheet  cover- 
ing table )  and  throw  dust  or  dirt  on  it,  and  you  will  immediately 
have  a  contrast.  On  the  other  hand,  place  dirt  or  dust  on  this 
article  (indicating  clear  glass  tumbler)  and  such  foreign  matter  is 
not  near  so  'easily  discerned.  It  is  simply  a  matter  of  contrast. 
Dirt  and  dust  on  opal  reflectors  are  more  easily  visible  than 
dirt  or  dust  on  clear  or  satin  finished  glassware.  As  a  matter  of 
fact  dust  or  dirt  detracts  from  the  appearance  of  any  glassware. 

Mr.  F.  L.  Godinez: — Regarding  the  curve  which  is  shown 
on  page  902  depicting  a  balance  obtained  between  the  flux  in  the 
upper  and  lower  hemispheres,- — it  would  perhaps  be  interesting 
to  know  how  these  values  were  attained.  It  is  a  some- 
what difficult  proceeding.  I  would  also  like  to  ask  if  the  curves 
represented  are  those  of  an  independent  authority  of  of  some 
manufacturing  concern.  Finally,  I  wish  to  enquire  on  what  grounds 
does  Air.  Young  assume  that  the  flakes  or  blotches  characteristic 
of  Alba  glass  are  typical  of  colloidal  suspension. 

Mr.  V.  R.  Lansingh: — Mr.  Young's  paper: — He  mentions  on 
one  page  that  some  fluorescence  does  occur  in  the  case  of  Alba 
glass.  I  would  be  very  glad  if  he  or  any  body  else  can  inform 
me  just  what  evidence  there  is  on  that  point. 

Alba  balls  are  made  in  two  ways,  pressed  and  blown.  The 
blown  has,  according  to  the  figures  given  in  this  paper,  a  very 
low  absorption,  13^  per  cent.;  in  the  case  of  the  pressed  Alba 
balls,  however,  the  absorption  due  to  the  increased  thickness  of  the 
glass  is  very  much  higher,  approximating  thirty-three  per  cent. 

Mr.  S.  G.  Hibben : — In  reply  to  that  question  concerning  the 
reflection  and  the  color  from  the  specks  or  particles  in  suspen- 
sion in  the  glass,  I  would  like  to  say  that  this  is  probably  a  ques- 
tion the  answer  to  which  is  based  upon  whether  you  consider  the 
visible  or  invisible  specks,  or  merely  a  question  of  their  size; 
that  is,  the  same  specks  somewhat  larger  than  in  the  normal  con- 
dition of  the  glass  may  be  visible  but  in  a  little  better  grade 
of  glass  and  in  smaller  sizes  of  glassware  would  approach 
more    nearly    the    condition    of    colloidal    suspension.       But    I 
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think  probably  reference  is  made  to  some  cases  where  the  specks 

arc  really  air-bubbles  or  the  like,  occurring  especially  in  blown 
wares,  and  in  thai  case  the  larger  specks  or  bubbles  are  to  be 
considered  exceptions  and  not  the  rule.  The  fine  flakes — the 
very  minute  particles — are  the  ones  to  which  I  originally  refer- 
red and  which  we  do  not  attempt  to  eliminate  in  the  normal 
making.  And  the  glass  has  now  been  improved  to  such  an  ex- 
tent that  these  larger  speck-  no  longer  appear  and  the  effect  of 
these  finer  flakes  is  to  give  color  and  also  to  aid  in  the  reflec- 
tion. 

In  the  paper  is  a  statement  that  fluorescence  occurs  in  Alba 
I  have  no  figures  on  this  fact,  but  T  have  some  statements 
made  in  connection  with  tests  of  the  Cooper-Hewitt  Company 
from  which  they  find  that  they  have  determined  to  their  satisfac- 
tion that  a  blown  Alba  hemisphere  used  beneath  the  Cooper- 
Hewitt  coiled  tube  is  of  a  material  aid  in  conjunction  with  their 
fluorescence  reflectors  which  were  spoken  of  yesterday.  Also 
some  tests  were  made  at  the  Carnegie  Technical  Schools  and 
they  got  far  enough  to  convince  the  investigators  that  there  was 
likelihood  of  some  fluorescence.  T  can't  attempt  to  say  just 
how  much  because  the  fluorescent  screen  at  that  time  was  found 
to  be  a  trifle  faulty  and  for  that  reason  1  state  that  that  has  not 
been  definitely  determined. 

Mr.  A.  J.  Marshall: — Mr.  Hibben,  may  1  put  a  more  direct 
question?  Do  you  consider  these  visible  -pecks  as  being  im- 
perfections in  the  glass? 

Mr.  S.  G.  Hibben:— No  I  wouldn't  say  that.  If  you  examinea 
-hade  very  closely  in  your  hand  yon  will  be  able  to  see  a  large 
number  of  very  small  fine  flakes.  Those  are  the  colored  Hakes 
that  are  an  aid  in  reflection. 

Mr.  A.  J.  Marshall: — Then,  as  I  understand  you.  the  visible 
specks  are  the  ones  that  do  the  reflecting,  and  those  are  the 
that  you  speak  of  as  being  suspended  in  opal. 

Mr.  S.  G.  Hibben:— No  I  don't  speak  of  them  a 
pended  in  opal.    The  Alba  glass  is  a  colorless  crystal  body  and  in 
it  are  suspended  a  number  of  flakes  of    various    sizes.      I    don't 
know  but  what  some  of  the  smaller  sizes  would  be  considered  in- 
visible unless  under  microscope.     From  that   size    they    run    to 
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larger  flakes.  I  suppose  some  of  the  gentlemen  have  seen  vari- 
ous shades  where  the  flakes  were  probably  a  thirty-second  of  an 
inch  in  size. 

Mr.  A.  J.  Marshall: — Have  you  ever  examined  any  of  those 
flakes  to  learn  what  their  structure  is? 

Mr.  S.  G.  Hibbcn: — I  wouldn't  attempt  to  state  their  composi- 
tion here  because  that  is  more  or  less  a  secret  process. 

Item  No.  7  in  Mr.  Young's  paper,  "Cleanliness  and  Perma- 
nency."— Doubt  was  expressed  that  there  was  any  variation  in 
the  struction  of  glass.  I  think  that  statement  ought  to  be  modi- 
fied slightly  to  conform  with  what  is  known  by  the  glass  mak- 
ers. In  fact  I  think  that  in  the  paper  on  the  manufacture  of  il- 
luminating glass  given  previous  to  this  one  mention  was  made 
that  all  clear  globes  particularly  those  containing  manganese  were 
subject  to  discoloration.  I  would  like  to  call  that  point  to  the 
notice  of  the  gentleman  who  states  that  glass  is  unchangeable.  I 
think  that  is  a  very  large  and  apparent  change  and  is  liable  to 
occur  in  other  than  crystal  glasses. 

There  was  some  question  about  the  authenticity  of  curves  as 
shown,  for  instance  figures  $  and  (>,  and  so  on.  These  are 
curves  made  by  the  Electrical  Testing  Laboratories  and  I  think 
should  be  considered  authentic. 

In  regard  to  the  question  of  ribs  in  the  glass  referring  for 
instance  to  the  sphere  in  figure  10,  these  ribs  are  used  entire- 
ly as  an  artistic  requisite.  There  is  no  photometric  effect  ex- 
pected to  be  obtained  by  such  elaboration.  I  would  state  that 
the  ideas  of  the  ribs  are  in  no  way  expected  to  be  a  copy  of  any 
former  elaboration  and  make  plain  the  idea  that  the  ribs  are  not 
for  reflection  or  anything  except  the  purely  artistic. 
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MODERN   REQUIREMENTS  OF  REFLECTOR  DESIGN.1 


BY   1'.    LAURENT   GODINEZ. 


While  the  manufacturer.^'  efforts  in  perfecting  high  efficiency 
illunhnants  have  imparted  a  wonderful  stimulus  to  the  art  and 
science  of  illumination  by  making  light  low  in  cost,  it  is  to  be 
regretted  that  the  manufacturers  oi  illumination  accessories  in 
general  have  failed  to  realize  the  necessity  of  preventing  illum- 
inants  from  becoming  cheap  in  appearance. 

The  eye  is  unconsciously  attracted  toward  a  source  of  light 
but  if  no  agreeable  impression  is  thereby  conveyed  to  the  ob- 
server, the  value  of  the  source  as  a  relative  symbol  of  expres- 
sion is  negligible.  The  lighting  equipment  of  mercantile  interi- 
ors and  display  windows  which  should  be  productive  of  real 
advertising  value,  must  be  arranged  with  some  regard  for 
originality  and  ensemble,  in  order  to  provide  a  striking  and  pleas- 
ing contrast  to  installations  of  the  "ready  made"   type. 

In  assuming  that  certain  predetermined  methods  of  lighting 
an  interior  admit  of  universal  application  the  manufacturer  has 
taken  too  much  for  granted.  Such  procedure  terminates  in 
monotony  of  design,  and  monotony,  familiarity,  and  contempt 
are  all  synonymous  in  this  implied  sense.  Tt  would  appear  that 
the  development  of  high-efficiency  illuminants,  and  the  intricacies 
of  modern  central  station  requirements  have  been  too  rapid 
for  the  manufacturer  of  reflectors  to  cope  with,  since  little  if 
any  serious  effort  has  been  expended  in  striving  to  relieve  the 
tedium  of  reflector  design. 

That  the  situation  has  assumed  a  critical  aspect  from  the  public 
utility  viewpoint  cannot  be  denied.  Obviously  the  legitimate 
profit   from  the  sale  of  energy   in  luminous   form  dent 

upon  expansion,  or  the  more  extensive  use  of  lighting  service, 
and  while  presumably  illuminating  companies  cannot  persuade 
the  adoption  of  gas  and  electric  light  in  homes  where  the  oil 
lamp  would  be  regarded  as  a  luxury  and  the  candle  as  a  neces- 

1  *    paper  read   at   the   fifth   annual  initiating    Bngine< 

Society.  Chicago.  September  25   .-■.  .•;  an 
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sity,  yet,  for  that  very  reason,  the  multiplication  of  semi-pros- 
perous homes  becomes  an  issue  of  vital  import  in  their  business, 
and  it  is  an  issue  which  can  be  faced  only  by  a  constant  endeavor 
to  better  the  working  and  living  conditions  of  their  communi- 
ties. Expansion  is  fundamentally  dependent  upon  satisfaction, 
resulting  from  the  efficiency  of  the  service,  but  beyond  the  pre- 
liminary stage  it  may  be  attained  only  by  presenting  the  sub- 
ject of  illumination  to  prospective  consumers  in  a  most  attrac- 
tive and  varied  form. 

These  considerations  have  the  utmost  significance  with  refer- 
ence to  reflector  design,  and  it  is  not  at  all  strange  that  the 
representatives  of  public  utility  corporations  should  find  diffi- 
culty in  interesting  prospective  consumers  when  the  incentives 
they  have  to  offer  are  lacking  in  every  feature  of  contrast,  effect, 
and  appearance. 

In  considering  the  requirements  of  modern  reflector  design 
it  is  possible  to  separate  the  subject  matter  under  two  general 
headings;  namely  totally-enclosing  envelopes,  and  semi-enclos- 
ing envelopes. 

The  first  division,  may  include  various  types  of  totally-en- 
closing envelopes  in  the  form  of  spheres  or  stalactites, — with 
or  without  exterior  ornamentation,  composed  of  ground,  acid 
etched,  prismatic,  or  opal  glass.  Since  the  distribution  of  light 
flux  from  these  secondary  radiating  surfaces  is  due  principally 
to  transmission  phenomena  characteristic  of  the  media  involved, 
it  becomes  necessary  to  study  the  effect  of  reflection  and  trans- 
mission therein  due  to  diffraction,  diffusion,  or  irregular  reflec- 
tion. 

Previous  investigators  have  established  as  a  matter  of  scien- 
tific record  the  variations  in  the  distribution  of  light  flux  in  a 
vertical  plane  referred  to  the  accepted  theory  of  surface  con- 
ditions of  secondary  radiating  surfaces.  It  is  apparent  that 
a  distribution  curve  resulting  from  the  redirection  of  light 
flux  may  be  modified  to  some  extent  by  specular  or  diffuse  re- 
flection from  either  a  polished  or  depolished  secondary  radiating 
surface  of  opaque  or  translucent  media.  While  it  has  been  as- 
serted that  secondary  radiating  surfaces  dependent  upon  the 
phenomena  of  diffuse  reflection  do  not  modify  the  distribution 
of  light  flux  below  the  horizontal  to  the  extent  characteristic  of 
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surfaces  dependent  upon  specular  reflection,  the  fact  that  glare 
and  specular  reflection  arc  synonymous,  has  evidently  been  over- 
looked. Such  conclusions  have  been  arrived  at  by  a  purely 
superficial  consideration  of  surface  conditions  typical  of  re- 
flecting ami  transmitting  media  and  without  particular  regard  for 
the  actual  structural  phenomena  of  the  media. 

In  such  investigations  the  ultra-microscope  affords  a  means 
of  rendering  visible  the  most  minute  particles  within  the  struc- 
ture of  glass.     It  has  been  shown  by  numerous  examples  that 


Kig.  i.  — Diagram  of  ultra-microscope.1 

the  particles  of  a  solid,  such  as  metallic  gold,  change  with  pro- 
gressive subdivision,  especially  if  the  subdivision  be  carried  to  a 
degree  approaching  molecular  dimensions.  Professor  Richard 
Zsigmondy,  instructor  in  inorganic  chemistry  at  the  University 
.  ttrngen,  has  developed  the  subject  of  ultra-microscopy  with 
reference  to  irreversible  colloids,  and,  as  a  result  of  his  research 
and  experiments  in  the  precipitation  of  colloidal  gold,  has  been 
enabled  not  only  to  observe  the  size  and  color  of  the  particles 
but  also  to  view  their  motion. 

In   another   research   with   reference   to  the   microscopic   nuclei 

'Microscopical   Phenomena    of   Transmitting    and    Diffusing    Me  "t.nt 

•  Vodinez  and  A.  J    Marshall.  Ilium,.  oL  5.  p.  5*6. 
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in  colorless  ruby  glass  the  gold  particles,  like  those  in  colloidal 
solutions,  were  visible  upon  spontaneous  crystallization.  A  de- 
scription of  the  ultra-microscope  employed  by  Dr.  Zsigmondy 
and  by  the  author  is  given  below. 

In  previous  microscopical  observations  individual  particles  in 
colloidal  solutions  or  in  ruby  glass  could  not  be  seen,  since  with 
transmitted  light  the  eye  is  dazzled  and  the  divergency  between 
the  resultant  differences  of  brilliancy  in  the  objective  field  is 
directly  due  to  the  diffraction  of  light  from  very  small  parti- 
cles. To  render  these  particles  visible  it  is  necessary  that  they 
be  intensely  illuminated,  and  without  any  reflected  flux  enter- 
ing the  eye;  moreover,  the  contrasting  objective  field  should  be 
as  dark  as  possible. 

Referring  to  fig.  1,  solar  rays  reflected  from  a  heliostat  enter 
the  darkened  laboratory  through  an  iris  diaphragm,  on  an  opti- 
cal bench  about  1.50  meters  in  length,  equipped  with  a  metal 
flange  suppported  on  an  adjustable  stand,  on  which  carefully  ad- 
justed pedestals  hold  the  individual  mechanism  of  the  apparatus. 
The  light  rays  first  enter  the  telescope  objective  H  at  a  focal 
length  of  about  19  mm.  and  a  resultant  image  of  the  sun  about 
1  mm.  in  diameter  is  projected  on  a  micrometer  slit-head  G  (ad- 
justable). By  manipulating  a  horizontal  bilateral  slit  the  solar 
image  may  be  reduced  to  0.055  mm.  The  width  of  the  slit  is 
observable  on  the  micrometer  gauge  attached  to  the  drum  con- 
nected with  the  regulating  screw.  The  edges  limiting  the  height 
of  the  slit  are  movable  horizontally,  admitting  of  a  wide  varia- 
tion from  0.1  to  2.0  mm.  apart.  A  polarizer  F  may  be  placed 
behind  the  slit  in  the  optical  train  when  desired.  E  is  an  iris 
diaphragm  acting  like  a  photometer  screen  and  excluding  any 
extraneous  light  which  might  be  reflected  by  the  edges  of  the 
slit.  By  manipulation  of  the  chisel-shaped  diaphragm  D  one 
half  of  the  incident  beam  may  be  cut  off,  which  is  strictly  neces- 
sary when  immersion  objectives  are  used  in  order  to  prevent 
distortion  from  the  closeness  of  the  objective.  A  second  tele- 
scopic objective  C  of  80  mm.  focal  length  forms  a  quarter-size 
image  of  the  slit  at  the  focal  plane  B  by  the  Abbe  condenser  A. 
By  means  of  the  primary  microscope  objective  used  in  the  sense 
of  a  condenser  the  picture  B  ( reduced  to  one-ninth  its  size) 
is  projected  into  the  subject  for  analysis.     Full  use  is  made  of 
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the  variable  apparatus  in  the  condenser  system  A  by  controlling 
and  modifying  the  illumination  of  its  posterior  plane. 

Two  micrometer  screws  working  in  a  horizontal  plane  and 
perpendicularly  to  each  other  enable  the  condenser  objective  to  be 
readily  centered  in  the  optical  axis  of  the  microscope  proper. 
In  order  to  bring  the  desired  portion  of  a  solid  within  the  axis 
of  the  incident  beam  Seidentopf  has  devised  a  metal  prism  with 
slides  which  permit  the  vertical  micrometric  motion  of  a  minute 
plane,  quite  analogous  to  the  familiar  mechanical-stage  of  the 
ordinary  bacteriological   microscope. 

In  the  examination  of  spontaneous  crystallization  in  ruby  glass 
Dr.  Zsigmondy  recalls  the  well-known  analogy  existing  between 
the  formation  of  ruby  glass  and  the  devitrification  of  amorphous 
substances.  Differentiating  between  a  microscopic,  and  sub- 
microscopic  particles  with  reference  to  perfect  or  inferior  ruby 
glass,  he  shows  that  the  individual  particles  appear  much  brighter 
and  further  apart  in  the  latter  than  in  the  former  case. 

The  apparatus  employed  by  the  author  in  his  present  research 
work  is  an  elaboration  of  the  ultra-microscope  described  above, 
the  addition  being  a  microphotoscopic  attachment,  and  the  con- 
clusions derived  and  hereinafter  set  forth  represent  the  result 
of  data  obtained  from  the  ultra-microscopic  examination  of 
ground,  acid  etched,  opal,  and  milk  glas 

The  microphoto-gravures  exhibiting  the  structural  phenomena 
.round  and  acid  etched  glass  were  obtained  from  observa- 
tions made  with  a  standard  bacteriological  microscope  equipped 
with  a  Class  A  objective  and  a  Huygcn-  eye-piece  \Tos.  2  and  4. 
was  made  of  an  Abbe  condenser  with  a  special  correction 
for  chromatic  aberration,  and  also  of  an  iris  diaphragm  adjusted 
to  the  microphoto-camera  direct. 

Before  proceeding  to  a  consideration  of  the  microphotographs 
showing  the  structural  phenomena  of  ground  and  acid  etched 
glass  attention  is  directed  to  the  accepted  theory  of  diffra 
and  diffusion  within  such  media  as  defined  by  Dr.  C.  P.  Steinmetz. 

In  fig.  2.  R  repre-ent-  a  theoretical  radiator  within  a  totally 
enclosing  envelope  of  ground  or  acid  etch 

of  light  emitted  from  the  radiator  R.  upon  emergence  in  the  di- 
rection I  maintain-:  its  initial  horizontal  linear  direction,  but 
at  a  slightly  reduced  intensity  due  to  absorption.     T'non  emer- 
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gence   there    is    also   a    slight    scattering   of    rays   as    indicated 
in  fig.  3. 

It   should  be  noted  that  the  dispersion  is   symmetrical  with 
reference   to   the   horizontal    axis   of   the   emerging    ray.     From 


Fig.  2— Theory  of  light  transmission  with  ground  glass. 

this  it  is  evident  that  the  enclosing  envelope  appears  to  the  eye 
as  indicated  in  fig.  4. 

The  radiator  assumes  the  appearance  of  an  enlarged  glaring 
blotch  of  light  within  a  practically  non-luminous  and  indefinite 
outline.  This  explains  why  ground  or  acid-etched  glass  is  in- 
appropriate in  any   form  where  a   uniformly   luminous   surface 


Fig.  3.     Dispersion  of  emergent  rays  with  ground  glass. 

is  desirable,  unless  an  illuminant  of  low  intrinsic  brilliancy  is 
placed  within  a  sphere  of  large  size,  thereby  increasing  the  dis- 
tance from  the  surface  to  the  source. 

Fig.  5  is  a  microphoto-gravure  of  a  ground-glass  (CRI) 
plate,  and  by  studying  it  carefully  it  is  apparent  why  the  pencil 
of  light  from  the  radiator  R  emerges  as  indicated  in  fig.  3.  Nat- 
urally light  acid  etching  produces  an   aggravation  of  the.  spot- 
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light  effect  on  the  secondary  radiating  surface,  and  thi^  is  also 
clearly  shown  by  the  microphoto-gravures  in  fig.  6  and  7.  the 
former   representing   fairly   dense   acid   etching,   and   the   latter 


|.-jg  4— F'hotograph  showing  transmission  effect  with  ground  glass. 


rig.  5.     Ultra-microphotognph  <>f  gronn<l  g\ 

a  very  slightly  depolished  surface.  The  latter  photograph  was  ob- 
lained  only  with  repeated  effort  and  great    difficulty,  since  in  order 

produce  the  observed  surface  effect  it  wa« 
pose  the  plate  to  a  dark  objective  held  in  order  to  admit  suffi- 
cierrt  light  through  the  lens  for  adequate  details  without  halation. 
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The  only  difference  in  appearance  between  ground  and  prismatic 
glass  is  that  the  irregular  spot  light  effect  in  the  former  case 
is  broken  up  into  myriads  of  regular  bright  points  in  the  latter, 


Fig.  6.— Ultra-microphotograph  of 
dense  acid  etched  glass. 


Fig.  7. — Ultra-microphotograph  of 
light  acid  etched  glass. 


accompanied  of  course  by   redirection  of  the   light  due  to  the 
action  of  the  horizontal  external  prisms. 

In  fig.  8  the  radiator  R  is  enclosed  within  an  envelope 
of  milk  or  opal  glass,  and  upon  >  emergence,  while  the 
horizontal  linear  direction  is  maintained,  the  intensity  is  greatly 


Fig.  8. — Theory  of  light  transmission  with  opal  glass. 

diminished  in  the  direction  I.  Consequently  the  surface  of  the 
envelope  appears  uniformly  luminous,  with  the  exception  of 
a  very  minute  central  spot  or  line  of  light  which  is  invisible 
at  a  short  distance  as  in  fig.  9. 
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When  the  envelope  is  of  thin  opal  glass,  and  the  radiator  is 

an  incandescent  lamp  of  the  carbon-filament  type,  the  filamenl  is 
visible  at  close  range,  exhibiting  a  characteristic  red  color,  due 
to  the  translucent  phenomena  of  opal  glass  for  red  wav< 

Fig   10  shows  the  redirection  of  light  flux  by  the  action  of  sus- 


—  Photograph  showing  transmission  effect  with  opal 


I  ended  particles  of  opal  in  opal  -hiss.  Dr.  C.  I'.  Steinmetz  states 
that  a  pencil  of  light  emitted  from  the  radiator  R  upon  emer- 
gence is  redistributed  with  a  maximum  value  at  right  ang'< 


10.— Redirection  oflight  by  - 

any  tangent  drawn  at  the  point  of  ei  this  it  is 

evident  that  with  an  enclosing  envelop! 

tribution    of   light    flux    from    the    secondary     radiator    will    !*• 
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symmetrical  with  reference  to  the  form  of  the  enclosing  envelope. 
With  reference  to  fig.  II,  Dr.  Steinmetz2  states:  "The  dis- 
tribution of  light  flux  thus  depends  on  the  shape  of  the 
diffracting  envelope ;  that  is  a  diffracting  envelope  leaves  the 
distribution  curve  of  the  radiator  essentially  unchanged,  and 
merely  smooths  it  out  by  averaging  the  light  flux  over  a  narrow 
range  of  angles  while  a  diffusing  envelope  entirely  changes  the 
distribution  curve  by  substituting  the  diffusing  globe  as  a  sec- 
ondary radiator  and  leaves  only  a  small  part  of  the  light  that  of 
the  direct  emergent  beam — the  intensity  distribution  of  the  prim- 
ary radiation  unchanged.     Thus,  for  a  straight  vertical  envelope 


YV^f^N 

/  1  lii^-^T^C^ 

Fig.  ii. — Distribution  curves  showing  result  of  diffusing  anil 
diffracting  envelopes. 

surrounding  a  radiator  giving  the  distribution  curve  shown  in  fig. 
ii,  curve  I,  the  distribution  curve  is  changed  by  diffraction  (frost- 
ed envelope)  to  that  shown  in  fig.  n  curve  II,  but  changed  to 
that  shown  by  fig.  n,  curve  III,  by  diffusion  (opal  envelope). 
The  latter  consists  of  a  curve  due  to  the  transmitted  light  and  of 
the  same  shape  as  I,  and  a  curve  due  to  the  diffused  light,  or  light 
coming  from  the  envelope  as  a  secondary  radiator.  The  latter  is 
the  distribution  curve  of  a  vertical  cylindrical  radiator." 

Fig.  12  is  a  microphoto-gravure  showing  the  suspended  parti- 
cles of  opal  by  the  aid  of  the  ultra-microscope.  The  photo- 
graphic attachment  employed  by  the  author  in  this  investigation 
was    crude,    and     as    a    result    this     illustration,     while    quite 

8  "Radiation,  Light  and  Illumination,"  Dr.  C.  P.  Steinmetz,  p.  223. 
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characteristic,  does  not  do  justice  to  the  appearance  of  the  ob- 
ject when  observed  through  the  ultra-microscope  with  tin- 
These  collodial  particles  of  opal  are  generally  oblateral  in  form, 
and  are  disposed  between   the  structure  of  the  glass  with  the 

majority  of  their  major  axes  perpendicular  to  the  plane  of  its 
exterior  surfaces,  which  accounts  for  the  redirection  theory  of 
light  flux  as  mathematically  proven  by  Dr.  Steinmetz.  The 
reason  therefore  for  the  visibility  of  a  filament  within  an  enclos- 
ing envelope  of  light  opal  glass  is  the  unhomogeneous  suspen- 
sion of  the  opal  particles  which  admits  of  considerable  tran.smis- 


Fig.  12.— Ultra-micro  photogravure  showing   suspended  particles 
of  opal  in  opal  glass. 

sion  between  them  from  impinging  rays  normal  to  the  inner  sur- 
face of   the  enclosing  envelope'. 

This  phenomenon  is  of  special  interest  at  the  present  day  in 
view  of  the  increasing  intrinsic  brilliancy  of  illuminants,  and  the 
fact  that  the  Society  for  the  Conservation  of  Vision  is  taking 
active  steps  t<»  protect  the  eyesight  of  a  suffering  public.  It 
would  appear  that  further  increments  of  intrinsic  brilliancy  will 
involve  the  placement  of  illuminants  within  entirely  enc! 
envelopes  of  such  media  as  will  decrease  glare  ad  at  the 

same  time  lend  their  exterior  surface-  readily  to  the  decorative 
treatment  prescribed  by  tin-  architect.  The  absorption  loss  thr 
transmission    is    inconsequental    when    referred    to    the    relative 
and   augmented   efficiency   of   modern    illuminants.     The    use   of 
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opal  glass  in  the  molded  form  of  appropriate  and  beautiful 
historic  ornament  is  peculiarly  adapted  to  the  environment  of  the 
home,  and  it  is  there  of  all  places  where  the  slightest  regard  for 
architectural  consideration  must  prohibit  the  use  of  media  sug- 
gestive in  the  least  degree  of  the  glassware  typical  of  the  com- 
mercial installation. 

Frequently  one  is  conscious  of  a  sense  of  disquietude  or  un- 
rest upon  entering  a  room,  which  may  be  due  either  to  offensive 
color  analogies  in  decorative  treatment,  or  to  the  color  value 
of  the  illuminants  themselves.  Since  the  advent  of  the  tungsten 
lamp  the  predominance  of  what  has  been  termed  '"white  light" 
effect  has  been  quite  marked  amongst  installations  of  the  com- 
mercial type.  This  quality  of  light  has  been  condemned  by  per- 
sons qualified  to  pass  opinions  on  matters  concerning  art,  on  the 
ground  that  its  effect  is  harsh  and  leaves  a  suggestion  of  tense- 
ness to  the  features  and  an  entire  absence  of  harmony,  expres- 
sion, and  ensemble. 

Moreover  the  element  of  repose  which  is  the  basis  of  periodic 
design  in  the  home,  is  conspicuous  by  its  absence,  and  one  need 
but  revert  to  nature's  teachings  to  realize  why  that  element 
should  invariably  be  present.  Recall  the  beautiful  and  mellow 
influence  of  the  setting  sun  on  the  animal  kingdom,  and  remem- 
ber that  it  was  this  sight  which  inspired  some  of  the  greatest 
masterpieces  of  art.  It  is  this  same  natural  and  psychological 
precedent  which  has  endeared  to  humanity  the  soft  mellow  light 
of  the  oil  lamp,  giving  to  an  interior  a  touch  of  nature  and  an 
ensemble  rich  in  tone,  feeling,  and  expression.  It  has  frequently 
occurred  to  the  author  that  glassware  embodying  a  proper  re- 
lation between  transmission  phenomena  and  selective  absorption 
would  materially  assist  in  supplying  a  long  felt  want,  attainable 
with  modern  illumination  at  a  consumption  of  1.5  watts  per 
candle,  instead  of  4.0  watts  with  the  same  quantity  of  light. 

Dr.  Herbert  E.  Ives,  in  response  to  a  recent  discussion  in  one 
of  the  technical  societies,  has  shown  that  by  tinting  the  bulb  of 
a  tungsten  lamp  a  slightly  yellow  or  amber  color,  only  the  blue 
region  of  the  spectrum,  containing  the  least  total  brightness  is 
sacrificed  by  selective  absorption.  From  Dr.  Ives  monograph 
on  the  subject  the  curve  shown  in  fig.  13  represents  the  radiated 
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watts  of  a  normally  operated  carbon  lamp,  while  the  small  in- 
cluded  curves  are  drawn  to  represent  the  luminosity  values  of 
the  visible  portions.  Their  areas  arc  thus  proportional  to  candle- 
power  while  the  large  curves  are  proportional  to  watts. 
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Visible       '    Invisible  Heat  Radio' 
Fig.  13  —Radiated  watts  of  normally  operated  carbon  lami><. 

The  spectrophotometry  values  for  the  relative  brightness  of 
the  tungsten  and  carbon  lamps,  color  for  color  throughout  the 
spectrum,  shows  the  necessary-  absorption  to  reduce  the  former  to 
the  color  of  the  latter.    These  are  shown  in  fig.  14,  plotted  in  such 
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Fig.  14.— Spectrophotometry  values  for  relative  brightm  ten 

and  carbon  Ian: 

a  manner  that  no  absorption  is  called  for  at  th<  i  the  vis- 

ible spectrum   in   the  red  0.70  p,  the  absorption   gradually   in- 

ing  toward  the  blue.  In  the  same  figure  the  absorption  val- 
ues are  applied  to  the  brightness  of  the  luminosity  curve  of  the 
tungsten  lamp.  It  is  of  interest  to  note-  that  by  tinting  a  bulb  a 
delicate   old   rose  the  absorption   is   also   relatively   insignificant. 

13 
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Unfortunately  the  treatment  of  the  source  in  this  manner  is 
susceptible  to  considerable  variation  in  uniformity  of  the  manu- 
factured product,  and  moreover  there  can  be  no  assurance  that  the 
enclosing  media  in  which  the  illuminant  might  eventually  be  placed 
would  be  appropriate  in  structure  or  artistic  value.  The  logical 
procedure  is  undoubtedly  to  evolve  independent  media  entirely 
adequate  with  reference  to  the  working  restrictions,  and  thereby 
relieve  the  illuminant  manufacturer  from  a  detail  of  manufacture 
which  clearly  should  be  referred  to  the  producer  of  illuminating 
glassware. 

To  revert  to  the  old  rose  tint,  it  may  be  barely  neces- 
sary to  mention  the  proclivity  of  the  fair  sex  for  radia- 
tion of  a  quality  which  serves  in  a  measure  to  enhance  the  natural 
beauty  of  a  complexion,  and  while  it  is  indeed  a  colossal  feat  to 
hold  the  mirror  up  to  nature,  with  a  steady  hand,  the  cause  fem- 
inine is  certainly  worthy  of  Quixotic  achievement. 

As  a  result  of  considerable  research  along  these  lines  the 
author  has  developed  a  new  glass  that  is  manufactured  in  a  delicate 
amber  tint  just  off  the  white,  and  also  in  a  most  subtle  tone  of 
old  rose.  The  basis  of  the  structure  is  opal  and  the  depth 
of  color  and  density  is  accomplished  by  the  glass  blower  dip- 
ping his  pipe  first  into  opal  glass,  and  then  successively  treating 
the  material  by  processes  which  assist  cumulatively  in  securing 
the  perfect  diffusion  which  is  essential.  An  iridescent  effect  is 
attained  by  a  special  treatment  of  the  surface  with  volatile  chemi- 
cal agents  in  the  form  of  various  chloride  and  hydrofluoric  acid 
compounds,  the  corrosive  action  of  the  fumes  of  these  chemicals 
giving  a  beautiful  and  permanent  iridescence.  The  glass  is  also 
prepared  without  this  effect. 

While  it  is  practically  impossible  to  reproduce  on  paper  the 
delicate  amber  and  rose  tints  of  this  glass,  a  general  idea  of  its 
appearance  as  a  complete  symbol  of  art  in  the  Louis  XVI  period 
may  be  gathered  from  the  illustration  in  fig.  15.  This  symbol 
aside  from  its  pleasing  conformitv  with  periodic  ornament,  when 
illuminated  is  free  from  abrupt  contrasts  in  color  values.  The 
same  fixture  with  white  glass  would  not  only  be  inharmonious 
owing  to  the  predominance  of  white,  but  would  also  lend  a  dis- 
agreeable harshness  to  the  gold  of  the  fixture  which  requires  a 
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light  rich  in  amber  tones  to  accentuate  properly  its  mellow  luster. 
This  criticism  is  quite  general  in  its  application. 

The  art  lamp  of  the  Colonial  period  shown  in  fig.  16  is  an  ar- 
chitectural conception  of  this  new  glass  in  old  rose.  It  has  been 
determined  by  research  that  there  exists  a  critical  value  of  color 
density  in  red  which  is  flattering  to  the  features  of  young  and 


FjK.  ,5._Art  gla«s  in  I.  ui-  XVI  period. 

old    alike.     With    reference    to    transmission    and    selective    ab- 
sorption this  critical  value  becomes  virtually  a   saturation-point 
absorption    factor   dependent    upon   the   uniform   density   of   the 
medium  and  its  homogeneity  of  coloration.     Uniformity  i 
tained  by  comparison  with  a  standard]  lium,  and  the  re- 

jections are  approximately  twenty  per  cent,  of  the  t 
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Having  concluded  with  that  division  of  the  subject  appertain- 
ing to  diffracting  and  diffusing  media  in  the  form  of  totally  en- 
closing envelopes,  a  consideration  of  the  second  classification  is 
next  in  order.  Under  this  heading  may  be  included  semi-en- 
closing envelopes,  acting  as  secondary  radiating  surfaces  in  re- 
distributing light  flux  by  diffuse  or  specular  reflection. 

In  manufacturing  circles  the  ethics  of  terminology  with  ref- 
erence to  the  appellation  "shade"  or  "reflector"  has  resulted  in 
prolonged  and  heated  discussion.  Presumably  a  reflector  acting 
in  the  implied  sense  of  redirecting  light  must  necessarily  be  a 
shade  in  the  functional  sense  of  shading  the  eye  from  transmitted 
light,   otherwise   one    must   accept   the   definition    "reflector"   to 


Fig.  16.— Art  lamp  in  old  rose  glass  Colonial  period. 

apply  exclusively  to  a  device  entirely  lacking  in  occular  com- 
fort, and  continue  to  expend  valuable  energy  in  hair  splitting 
argumentation.  However,  it  is  quite  certain  that  the  intrinsic 
brilliancy  of  modern  illuminants  demands  special  recognition  on 
the  part  of  those  engaged  in  the  manufacture  of  improved  il- 
luminating appliances. 

In  any  analysis  of  reflecting  and  diffusing  media  one  is  con- 
fronted with  the  fact  that  specular  or  regular  reflection  is  in- 
variably identified  with  surfaces  which  are  polished,  whereas 
diffuse  or  irregular  reflection  is  characteristic  of  depolished 
surfaces.  In  other  words,  when  a  ray  of  light  strikes  a  polished 
surface  it  is  more  or  less  sharply  reflected  depending  on  the 
angle  of  incidence,  whereas  if  the  surface  is  depolished  the  ray 
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i>  diffused  or  scattered  so  thai  no  intense  reflected  rays  enter  the 

The  blurred  print  of  the  glazed  reading  the  indistinct- 

of  the  illuminated  and  polished  sign-board,  and  the  distortion 

of  oil   paintings  under  direct   radiation,  are  constant  reminders 
that  their  is  such  a  thing  'is  specular  reflection  and  gi 

In  the  design  of  reflecting  glassware  these  principles  apply 
with  equal  force.     It  is  possible,  therefore,  to  si  reflectors 

into  two  classes,  namely,  those  acting  by  specular,  and  I 
acting  by  diffuse  reflection.  In  the  first  class  may  Ik-  included 
prismatic  glass  and  any  reflector  with  an  inner  polished  surface, 
of  whatsoever  material.  In  the  second  class  may  be  included 
prismatic  glass  with  a  treated  inner  surface,  opal  or  any  other 
material  interiorly  depolished. 

In  the  design  of  street  lighting  reflectors  the  manufacturers 
of  prismatic  glass  have  recognized  the  undcsirability  of  glare 
from  specular  reflection  and  have  endeavored  to  realize  a  dis- 
tribution curve  of  zero  glare  effect  on  the  assumption  that  the 
source  of  glare  lies  within  the  polar  angles  above  60  deg.  and  that 
its  elimination  requires  the  partial  or  enti;  ssion  of  flux 

within  those  angles.3 

This   theory   has    formed   the  basis   of   discussion   before   this 
society*  and  it  has  been  asserted  that  pupillary  contraction  should 
be  regarded  as  a  purely  protective  function  and  not  in  any 
through    its   operation   a   cause  of   decreasing   visual    efficiency. 
This,  however,  is  still  a  matter  of  opinion  rather  than    fact. 

In  order  to  accentuate  the  importance  of  reconciling  theory 
with  actual  practise  in  reflector  design,  whenever  public  utility 
corporation-  are  directlv  concerned,  one  need  only  revert  to  the 
subject  of  street  illumination  from  a  viewpoint  which  ha 
yet  never  received  the  slightest  intelligent  consideration  from  the 
manufacturer,  and  that  is  the  viewpoint  of  the  public  utility  it- 
self. The-e  vast  interest-  do  not  attempt  to  1  the  re- 
r  manufacturer  but  they  are  nevcrthele-  thoroughly  aware 
of  their  own  exact  requirement-  in  all  US  light. 
The   attractive   lighting   of    the   display   wind. 

.11  Analysis  of  Illumination  Requirements  in  Street  I.i|jhP 
'in  Institute,  Ma\ 
•  Pn  ar.  "An  Unrecognized  Aspect  of  Street  Illutnii 

vol.  5.   p. 
•Some    Neelected   Considerations    Pertaining  nmina- 

tion,"   Tun 
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sumers  is  one  of  the  vital  features  of  their  business.  Its  suc- 
cessful accomplishment  leaves  the  visible  trade-mark  of  pro- 
gress on  a  community,  and  to  the  merchant  there  can  be  no  more 
remunerative  advertising  medium.  Obviously,  therefore  any  in- 
novation tending  to  mitigate  the  mutual  benefits  derived  there- 
from is  to  be  condemned,  particularly  a  system  which  directs  so 
much  light  against  a  display  window  that  the  resultant  glare 
effectually  obscures  the  entire  display  of  merchandise  within, 
and  eliminates  thereby  all  advertising  value.  Reflectors  for  use 
in  front  of  show  windows  should  be  designed  to  give  an  asym- 
metrical distribution  calculated  not  to  ruin  the  effectiveness  of 
display  window  advertising,  but  to  direct  the  maximum  flux 
in  the  street,  not  on  the  sidewalk.  In  strictly  business  thorough- 
fares, street  lighting  should  be  treated  more  as  a  decorative  func- 
tion since  even  after  the  closing  hour  of  shops  in  localities  where 
midnight  flat-rate  schedules  do  not  prevail,  the  intensity  of  il- 
lumination from  a  decorative  system  consisting  of  ornamental 
columns  equipped  wth  adequate  diffusing  media  is  sufficiently 
high  for  all  intents  and  purposes. 

Unfortunately  in  interior  lighting  it  is  impossible  to  confine 
glare  effect  from  specular  reflection  within  certain  angles,  since 
the  position  of  the  eye  becomes  a  variable  factor  not  limited 
by  the  restricting"  linear  direction  of  a  sidewalk  referred  to 
a  source  as  in  street  lighting.  In  offices,  it  is  impossible  to 
prevent  the  workers  eye  from  straying  frequently  toward  the 
source  of  light  particularly  if  it  is  of  a  glaring  nature  and  il- 
luminates the  clock' dial. 

On  looking  at  an  exposed  filament  of  even  a  lamp  of  the  car- 
bon type  for  a  few  moments  after-images  result,  showing  clear- 
ly a  disturbance  of  the  balance  of  the  retina.  When  this  is  ag- 
gravated by  a  multiplicity  of  filament  images  reflected  within 
the  surface  of  a  reflector  acting  by  specular  reflection  and  with 
the  tremendous  increase  in  intrinsic  brilliancy  of  the  tungsten 
over  the  carbon  filament,  the  result  is  decidedly  irritating  to  the 
eye.  In  the  case  of  prismatic  reflectors  it  is  only  when  they  are 
so  far  away  that  the  eye  is  unable  to  distinguish  their  individual 
surfaces,  and  the  media  of  the  eye  can  themselves  perform  the 
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necessary  diffusion  that  there  is  any  reduction  in  intrinsic  bril- 
liancy significant  for  the  protection  of  the  i 


I'iR    17  —Photograph  of  a  clear  prismatic  reflector  and  100-watt  bowl  frosted 
drawn  wire  tungsten  lamp. 
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Fig.  17  represents  a  photograph  of  a  clear  prismati 
the    intensive    type    over  a    100-watt    bowl-frosted    drawn  wire 

•  I'ercy  W.  Cobb.   "  Physiological  Points  Beari  11  a.  on  GUr<  rol.  6 
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tungsten  lamp.  A  mirror  was  placed  beneath  the  unit  at  an 
angle  of  45  deg.  with  the  plane  of  the  supporting  base.  The  camera 
lens  was  directed  at  a  point  slightly  above  the  lamp  tip.  The 
duration  of  the  exposure  was  twenty  seconds.  A  back  felt  curtain 
formed  the  background,  accounting"  for  the  dark  effect  at  the 
rim.  The  photographs  of  figs.  19  and  21  were  made  under 
exactly  similar  conditions. 

The  high  lines  of  intrinsic  brilliancy  due  to  prismatic  action 
and  specular  reflection  are  much  in  evidence.  It  is  unnecessary 
to  comment  at  length  upon  the  correlation  existing  between  the 
plate  of  the  camera  and  the  retina  of  the  eye,  except  that  in 
this  case  the  camera  is  more  fortunate  in  having  a  non-halation 
piate.  The  picture  portrays  in  a  way  what  the  eye  would  feel  in 
observation. 


Fig.  19.  — Photograph  of  prismatic  reflector  with  "satin  finish"  and  100-watt 
bowl  frosted  drawn  wire  tungsten  lamp. 

In  fig.  18  is  shown  the  mean  vertical  distribution  of  light  flux 
about  the  reflector  shown  in  fig.   17. 

Fig.  19  shows  a  photograph  of  a  prismatic  reflector  of  the 
intensive  type  with  what  the  manufacturers  term  satin  finish. 
It  is  apparent  that  the  high  lines  of  intrinsic  brilliancy  due  to 
prismatic  and  specular  reflection  while  subdued  are  still  in  evi- 
dence, but  on  the  other  hand  the  transmission  of  light  is  ac- 
companied by  less  glare  and  more  pleasing  appearance. 

The  mean  vertical  distribution  of  candle-power  about  the  satin 
finish  intensive  prismatic  reflector  of  fig.  19  is  shown  in  fig.  20. 
The  modification  in  distribution  due  to  the  partially  depolished 
inner  surface  is  characteristic. 
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Fig.    2i    is   a   photograph    of    a    well-known    opal     refl< 

with  a  specially  dcpolished  and  treated   inner  surface,   showing 
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Fig.  20. — Distribution  curve  of  reflector  shown  in 


Fig.  21.— Photograph  of  opal  deflector  with  specially  d<po!:  -  irface 

and  loo-watt,  bowl-frosted,  drawn  wire  tungsten  1 


the  perfect  diffusion  and  pleasing  appearance  even  when  looking 
directly  into  the  reflector. 
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The  mean  vertical  distribution  of  light  about  the  depolished 
and  specially  treated  opal  reflector  of  fig.  21  is  shown  in  fig.  22 
from  which  it  is  evident  that  in  addition  to  perfect  diffusion  and 
absence  of  glare  the  utilization  of  flux  below  the  horizontal  is 
considerably  higher  than  that  shown  in  the  preceding  curves.  The 
reflectors  tested  were  selected  at  random,  and  by  no  means  repre- 
sent the  best  results  selected    from  a  number  of  special  tests.     From 


Fig.  22. — Distribution  curve  of  reflector  show  fig.  21. 


an  inspection  of  these  curves  it  appears  that  the  upper  hemi- 
spherical flux  is  greater  in  the  first  two  cases  than  in  the  third. 
The  question  naturally  arises  as  to  the  real  value  of  the  flux 
distributed  to  the  working  plane  from  this  source.  Unques- 
tionably, light  walls  and  ceilings  have  a  less  absorption  factor 
than  dark  but  here  again  is  encountered  a  hitherto  unrecognized 
factor  which  is  again  significant  of  the  manufacturers'  lack  of 
appreciation  for  practical  working  -conditions.  The  flux  which 
is  redirected  to  the  plane  by  the  reflection  of  ceiling  and  walls  is 
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dependent  upon  two  factors,  and  Loth  arc  variables,  namely, 

the  quantity  of  flux  transmitted  through  and  above  a  reflector  is 
depreciated  by  an  accumulation  of  dirt,  and  the  quantity  of  flux  re- 
flected from  walls  and  ceilings  is  dependent  upon  the  permanency 
of  their  color.  Of  course  occupants  of  illuminated  interiors  are 
theoretically  never  presumed  to  change  the  interior  decorations 
much  less  to  allow  dirt  to  accumulate  on  their  lighting  accessories, 
hut  they  will  persist  in  such  irregularities :  and  while  thousands 
of  dollars  are  expended  annually  in  cleaning  windows  to  let  natural 
light  in,  an  insignificant  figure  would  cover  the  amount  spent 
in  cleansing  lamps  and  reflectors  to  let  artificial  light  out.  More- 
over, in  strictlv  commercial  installations  it  is  doubtful  whether 
the  high  ceiling  illumination  of  a  mass  of  unornamental  piping, 
wiring,  fire  nozzles  and  other  equally  ugly  contraptions  adds  to 
the  appearance  of  such  an  interior.  From  the  viewpoint  of  the 
public  utility  corporation,  again,  it  is  the  satisfaction  of  the  con- 
sumer which  must  be  obtained  at  any  cost,  and  in  order  to  do 
this  it  becomes  necessary  to  eliminate  all  variable-  and  uncer- 
tainties. The  qualities  which  must  be  symbolical  of  the  re- 
flector manufacturers'  product  in  this  relation  are  re'iabflity, 
efficiencv  and  artistic  appearance  and  above  all  the  elimination 
of  glare  effect  with  due  respect  for  ccr,;-ei  vation  of  visior. 

In  submitting  formulas  to  the  representatives  of  lighting  com- 
panies for  the  rapid  calculation  of  intensity  of  illumination,  it 
is  suggested  that  when  a  value  in  foot-candles  is  given  as  typical 
of  any  special  condition  attention  should  be  directed  to  the 
fact  that  a  factor  of  depreciation  migh:  prove  a  sensible  ad- 
junct, since  the  calculated  values  represent  the  initial  perfor- 
mance of  lamps  and  reflectors  when  new  and  clean,  and  are  based 
On  the  unwarrantable  assumption  that  lamps  are  invariably  oper- 

at  the  "top  voltage",  and  that  the  de.  candle-; 

with  advanced  life  is  a  negligible  factor.  All  these  practical 
working  consideration-  are  worthy  of  detailed  study,  and  in 
more  ways  than  one  does  it  lie  within  the  scope  and  power  of 
the  Illuminating  Engineering  Society  to  come  to  the  rescue. 

While  the  work  of  the  society  has  been  distinctive  and  of  the 
highest  technical  order,  for  that  reason  alone  it  has  proven  un- 
instructive  to  a  large  bodv  of  men  who  desire  greatly  to  im- 
prove their  condition-   by    .-quiring  information   relative  to   il- 
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luminating  engineering  in   a   form  which   would   be  intelligible 
to  a  non-technical  graduate. 

The  American  Institute  of  Electrical  Engineers  and  the  Ameri- 
can Society  of  Mechanical  Engineers  have  published  standardiza- 
tion tests  of  a  most  comprehensive  nature.  If  the  layman  has 
reason  to  doubt  the  sincerity  of  the  manufacturers'  statement 
he  can,  and  does,  demand  a  test  of  the  product  in  accordance 
with  the  standardized  forms  issued  by  these  organizations. 

The  opportunities  afforded  by  illuminating  engineering  to 
charlatanism,  with  the  extreme  youth  of  those  posing  as  il- 
luminating experts,  has  created  a  decided  mercantile  prejudice 
against  anything  even  resembling  the  mercantile  conception  of 
an  illuminating  engineer.  While  no  manufacturer  of  standing 
will  allow  misrepresentations  to  be  made  by  members  of  his  sales 
force,  a  precedent  has  been  established  of  that  sort  by  salesmen 
lacking  broad  training  and  a  proper  knowledge  of  their  com- 
petitors' product.  If  the  merchant  could  feel  that  there  was  in 
existence  an  impartial  standardization  test  with  which  he  might 
demand  compliance  by  any  manufacturer,  an  instantaneous  re- 
spect for  illuminating  engineering  and  an  appreciation  for  the 
society  affording  him  such  protection  would  ensue. 

Imagine  a  situation  wherein  one  salesman  advocating  the  pur- 
chase of  a  diffusing  ball  giving  a  distribution  of  light  flux  cov- 
ering a  wide  area,  but  with  obviously  no  high  intensity  directly 
beneath  the  unit,  conflicts  with  a  competitor  urging  the  adoption 
of  a  reflector  which  concentrates  its  light  in  a  visible  bright 
spot  directly  below  the  lamp  and  reflector  and  this  in  an  in- 
stallation where  a  fairly  uniform  intensity  would  prove 
desirable.  The  merchant  may  be  won  over  to  the  latter's  side  by 
the  absurd  argument  of  the  increased  intensity  or  spot  light 
effect  beneath  the  source,  no  mention  being  made  of  an  attrac- 
tive scheme  of  lighting,  appropriate  color  value,  suitable  fixtures 
or  anything  whatsoever  to  convince  the  purchaser  that  illuminat- 
ing engineering  signified  aught  but  the  attainment  of  various  dis- 
tributions of  light,  without  rhyme  or  reason.  This  is  but  one 
of  hundreds  of  examples  which  the  author  has  personally  ob- 
served during  the  past  ten  years  throughout  every  section  of 
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this  country.  It  is  mentioned  in  the  hope  that  this  society  will 
take  the  initiative  in  placing  before  the  representatives  of  public 
utility  corporations  standardization  requirements  which  will  prove 
of  invaluable  assistance  to  them  in  protecting  the  welfare  of 
their  consumers  and  in  establishing,  m<  -reover,  a  universal  re- 
spect for  the  Illuminating  Engineering  Society. 

DISCUSSION. 

Dr.  P.  IV.  Cobb: — The  question  of  intrinsic  brilliancy  has  come 
up  again.  I  have  just  been  quoted  on  this  point  and  some  re- 
marks have  just  been  made  to  the  effect  that  specular  rellection 
and  glare  are  synonymous.  I  think  it  can  also  be  said  that 
refraction  at  polished  glass  surfaces  and  glare  are  syn<  >nvmous 
in  just  the  same  sense.  Mr.  Lansingh  has  said  with  truth  that 
as  far  as  the  illumination  on  working  plane  is  concerned  the 
difference  between  a  diffusing  reflector  and  prismatic  reflector, 
giving  the  same  distribution  of  illumination,  is  nothing.  That  is 
perfectly  true,  but  it  is  scarcely  ever  that  light  sources  are  com- 
pletely out  of  the  range  of  vision,  and  for  that  reason  the 
appearance  of  the  lighting  unit  as  a  whole  has  to  be  consid 
The  point  in  regard  to  which  1  was  quoted,  and  I  think  the  point 
that  Mr.  Cady  referred  to  a  moment  ago.  was  the.question  of  the 
brightness  of  a  refracted  image.  In  a  lens  the  intrinsic  bright- 
ness of  the  image  of  an  object  seen  against  the  face  of  the  lens 
can  be  shown  mathematically  to  be  independent  of  its  apparent 
size.  It  can  be  shown  that  if  the  image  changes  in  size  the  light 
flux  into  the  eye  changes  in  exactly  the  same  ratio,  so  that 
reduction   in   intrinsic   brilliancy  of   the  im;  the   lei 

merely  a   small    fraction,   which    is   constant,   and    which   is   the 
rption  of  the  glass  itself.  This  holds  equally  for  a  prism  with 
polished  surfaces.    I  feel  there  is  a  good  cause  for  congratulation 
on  the  fact  that  manufacturer-  ring 

out  glassware  with  depolished  surfaces  and 
diffusing  material  for  that  reason. 

Mr.  Godinez  has  touched  upon  the 
illuminants.     I  am  hesitant  about  discus 

as  far  as  it  relates  to  our  physiological  well-being  The  element 
of  repose  which  he  speaks  of  in  the  case  of  the  light  of  t> 
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sun  and  the  old  kerosene  lamp  may  possibly  be  due  to  other  causes. 
Color  of  the  setting  sun  does  not  approach  that  of  the  tungsten 
lamp  until  within  ten  or  fifteen  degrees  of  the  horizon.  We  are 
only  exposed  to  that  color  from  the  sun  for  a  comparatively 
short  part  of  the  twenty-four  hours.  What  the  effect  would  be 
if  that  were  continued  for  a  much  greater  time  is  hard  to  say. 
Perhaps  some  explorer  who  has  spent  some  weeks  in  the  artic 
dawn  or  sunset  would  know  more  about  that  than  we  do.  In 
both  the  cases  of  the  setting  sun  and  the  kerosene  lamp  there 
is  another  factor  which  enters,  and  that  is  the  question  of 
shadows.  The  oblique  or  almost  horizontal  light  of  the  sun 
low  on  the  horizon  casts  very  long  shadows,  and  as  a  result  of 
the  dullness  of  the  sky  itself,  very  deep  shadows,  which  I  think 
are  a  factor  in  our  pleasure  in  the  landscape.  The  kerosene  lamp 
as  used  in  the  home,  gives,  to  be  sure,  a  mellow  colored  light,  but 
it  also  gives  well  defined  shadows.  I  have  a  tungsten  lamp 
installed  at  home  in  a  table  lamp  so  that  the  distribution  re- 
sembles that  of  a  shaded  kerosene  lamp  and  I  do  not  find  that  the 
element  of  comfort  and  repose  is  absent.  Moreover,  in  regard 
to  the  question  of  color  I  have  been  privileged  to  see  almost 
daily  a  lighting  unit  in  which  the  tungsten  lights  are  so  screened 
as  to  give  lighj  of  daylight  color.  By  a  special  screen  the 
spectral  distribution  of  daylight  is  almost  mathematically 
matched.  Very  near  this  unit  over  my  own  desk  happens  to 
be  a  carbon  lamp.  When  I  first  saw  these  two  illuminants  side 
by  side  I  was  struck  by  the  apparent  softness  and  pleasantness  of 
the  daylight  color.  The  daylight  device  has  a  large  surface 
which  is  more  or  less  diffusing  and  which  is  the  virtual  source 
of  light.  •  The  carbon  lamp  has  a  bare  filament  and  an  opaque 
reflector  over  it,  so  there  is  a  wide  difference  in  distribution,  but 
the  fact  remains  that  others  who  have  come  in  and  casually  seen 
the  difference  between  the  two  lights  seem  to  feel  the  same  thing, 
namely,  that  there  is  a  certain  softness  and  agreeableness  about 
the  artificial  daylight  which  is  absent  in  light  of  the  carbon  lamp. 
Mr.  V.  R.  Lansingh : — On  the  third  page  of  his  paper  Mr. 
(iodinez  states  that  glare  and  specular  reflection  are  synonymous. 
I  have  commented  on  that  before.  They  are  only  when  you  look 
into  the  reflector;  otherwise,  as  I  stated  before,  the  illumination 
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falling  on  a  given  plane  will  cause  no  more  glare  in  one  case 
than  in  the  other,  whether  reflection  is  specular  or  diffu 

Mr.  Godinez  shows  in  his  paper  a  photograph  of  the  action  of 
ground  glass.  It  is  interesting  to  note  that  in  the  case  of  ground 
there  is  probably  a  large  amount  of  diffraction  entering  into 
the  phenomena  of  dispersion.  Refraction  and  reflection  are 
common  enough,  but  in  the  case  of  ground  glass  the  edges  of  the 
particles  are  so  sharp  that  there  is  undoubtedly  a  large  amount  of 
diffraction  which  ordinarily  would  not  be  considered  as  entering 
into  lighting  glassware. 

Mr.  Godinez  states:  "The  only  difference  in  appearance  be- 
tween the  ground  and  prismatic  glass  is  that  the  irregular  spot 
light  effect  in  the  former  case  is  broken  up  into  myriads  of  regu- 
lar bright  points  in  the  latter."  That  is  true  with  the  modifica- 
tion, however ;  in  the  case  of  prismatic  glassware  of  this  type  the 
illumination  over  the  entire  surface  is  practically  uniform, 
whereas  in  the  case  of  ground  glass  there  is  a  spot  in  the  center 
and  very  little  illumination  from  the  rest  of  the  globe. 

Mr.  Godinez  has  also  said  that  in  the  case  of  houses  it  is 
undesirable  to  install  any  glassware  typical  of  commercial  in- 
stallations. This  is  perfectly  true  probably  in  the  case  of  high- 
expensive  houses,  but  in  the  case  of  nine  out  of  ten  glass- 
ware which  is  used  in  commercial  installations  can  be  used  in 
more  or  less  modified  forms  in  house  lighting. 

Fig.    is   is    a  photometric   curve    of    the    intensive    prismatic 
reflector  shown  in  fig.    17.     This  probal.lv  is  an  extremely 
illustration  of  the  use  of  the  wrong  lamp  or  the  wrong  holder 
ling  a  reflector  of  this  type  as  the  photometric  curve  is  much 
rted  from  what  would  be  obtained  were  the  correct  lamp  and 
the  correct  holder  used.       As  a  matter  of  fact,   fig.  [8,    showing 
the  photometric  curve  of  a  clear  intensive  type  reflector,  sho 
less  end-on  candle-power  than  fig.  20  which  illustrates  the  photo- 
metric curve  of  the  same  reflector  satin-finished  :   whereas,  when 
the  reflectors  are  correctly  used,  the  reverse  is  true.      The  correct 
curves  are  given  below  by  the  full  line  curves  in   figs.  F  and 
The  dotted  curves  are  reproduced  from  figs.  18  and 

The  difference  in  distribution  in  the  case  of  the  clear  reflector 
is  so  considerable  that  no  further  comment  is  nec<  in  the 
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case  of  the  satin- finish  reflector  it  is  not  so  appreciable  on  ac- 


Fig.  F.  Fig.  G. 

count  of  the  extent  to  which  diffuse  reflection  enters  into  consid- 
eration. 

The  above  illustrations  indicate  why  conditions  under  which 
photometric  curves  are  made  should  always  be  carefully  studied. 

Mr.  Godinez  has  very  sensibly  called  attention  to  the  desirabil- 
ity of  having  a  depreciation  factor  in  figuring  illumination  due 
to  dirt  and  depreciation  of  lamps.  Most  manufacturers,  I  wish 
to  say,  in  all  their  rule  of  thumb  methods  have  already  taken  this 
factor  into  account. 

Mr.  IV.  J.  Cady: — In  Mr.  Godinez's  paper  is  a  comparison  of 
the  intensive  reflectors,  clear  and  satin  finish.  As  Mr.  Lansingh 
pointed  out,  it  is  evident  that  either  the  reflector  and  lamp  were 
tested  in  other  than  the  standard  position  or  else  a  drawn  wire 
lamp  was  used  which  was  made  by  one  of  the  lamp  companies 
just  after  these  lamps  were  first  put  out  and  before  they  were 
standardized  for  filament  position  and  design.  This  is  evident 
from  the  fact  that  the  test  on  the  satin  finish  reflector  shows  a 
greater  candle-power  at  zero  degrees  than  does  the  clear  re- 
flector and  this  would  not  be  the  case  were  the  lamp  filament  in 
the  correct  position. 

On  the  twentieth  page  of  the  paper  Mr.  Godinez  shows  a 
photograph  of  the  inside  of  a  satin  finished  reflector.  I  do  not 
believe  that  any  injurious  effect  would  be  felt  from  the  reflection 
of  the  reflector  itself,  in  looking  into  a  satin  finished  reflector  as 
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shown  on  that  page.     If  any  Mich  effect  were  fell  it  would  be 
i  the  direct  light   from   the  lamp  itself. 
It  has  been  stated  in  the  past  that  the  intrinsic  brilliant 
prismatic   glolies,    speaking   now    of    globes    having   horizontal 
refracting  prisms  on  the  outside  and  vertical  diffusing  prism 
the  inside,  freat  or  nearly  as  great  as  the  intrinsic  brilli; 

of  the  lamp  itself,  the  argument  being  that  the  facets  or  pri 
act  as  lenses.  The  inside  prisms  arc  so  designed  as  to  diffuse  the 
almost  uniformly  in  a  horizontal  direction,  while  the  outside 
prisms  direct  the  light  in  a  great  number  of  directions  in  the 
lower  hemisphere,  with  a  predominence  of  light  in  <>u<-  direction. 
Each  facet  therefore,  acts  as  a  diffusing  particle,  not  with  an 
intrinsic  brilliancy  as  low  as  a  perfectly  diffusing  particle,  but 
possibly  twice  as  great.  The  intrinsic  brilliancy  of  tin-  whole 
globe  would  be  the  apparent  candle-power  in  the  given  din 
divided  by  the  effective  projected  area. 

Messrs.  P.  .V.  Millar  ami  II'.  I-.  Little  (Communicated)  :  'The 
accuracy  of  the  photometric  curve  shown  in  figure  [8  of  Mr. 
Godinez's  paper  has  been  challenged  by  Messrs.  Cady,  Marshall 
and  Lansingh.  This  curve  was  reported  as  a  result  of  a  test 
made  by  the  Electrical  Testing  Laboratories.  As  stated  in  the 
paper,  the  unit  tested  consisted  of  [oo-watt,  bowl  frosted,  drawn 
wire  tungsten  lamp,  and  an  "intensive"  reflector  purchased  in 
the  open  market  without  any  particular   selection. 

It  has  been  stated  that  the  filament  location  within  the  re- 
flector i-  accountable  for  the  difference  between  the  curv< 
^•eii  in  figure  18  and  that  shown  in  Mr.  Lansingh's  discussion. 
The  filament  location  as  used  in  the  former  case  was  such  as 
would  obtain  with  a  form  II  holder  and  a  lamp  whose  dimension 
from  the  light  center  to  the  bast  cap  i  5  1/16  ii  es.  In  the  latter 
•  understand  this  dimension  to  be  4  15   10  inchi 

The-  question  of  lamp  dimensions  :-  somewhat  involved 
the  official   standard   dimensions    for  the   drawn    wire   tunj 
filament  lamps  have  not    been   promulgated.      Effoi 
such    figures    proved    futile   ami    at    the    time    when    the 
made  1  Vug.  21st  i  we  were  compelled  to  rely  upon  t; 
of  the  dimensions  as  furnished  by  one  of  the  large  lamp  manu- 
14 
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facturers  to  whom  we  were  referred  as  a  result  of  our  efforts 
to  secure  the  standard  dimensions  from  the  manufacturers'  stand- 
ardization committee.  It  is  to  be  noted  that  since  the  test  was 
made,  advice  has  been  received  from  the  manufacturer  mentioned 
above  to  the  effect  that  this  standard  distance  has  been  increased 
to  5  1/8  inches,  which,  it  will  be  noted,  differs  still  more  from 
that  employed  in  the  tests  which  have  been  advanced  to  demon- 
strate the  incorrectness  of  the  curve  shown  in  Mr.  Godinez's 
paper. 

In  order  to  test  the  correctness  of  the  curve  shown,  additional 
measurements  have  been  made,  using  photometric  apparatus  of 
entirely  different  design,  which  showed  a  substantial  verification, 
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also  employing  other  lamps  and  another  reflector.  The  results 
of  these  tests  appear  in  the  accompanying  diagrams. 

In  diagram  A,  the  curves  on  the  left  show  tests  of  the  same 
reflector  with  two  lamps,  both  substantially  correct  as  to  di- 
mensions, but  differing  slightly  as  to  the  bowl  frosting.  The 
tests  on  the  right  side  of  the  diagram  show  a  comparison  between 
two  reflectors  used  with  the  same  lamp. 

In  diagram  B,  (right)  appears  (a)  the  curve  included  in  Mr. 
Godinez's  paper  with  indications  of  repeated  measurements 
under  similar  conditions,  (b)  the  mean  of  a  number  of  curves 
obtained  with  new  lamps  in  which  the  standard  dimension  is 
5  i/8  inches  between  base  and  cap  and  center  of  filament,  and 
(c)    (left)  the  curve  advanced  by  Messrs.  Cady,  Marshall  and 
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l.ansingh  as  typical  of  this  lighting  unit,  (d)  curves  obtained  at 
the  Electrical  Toting  Laboratories  with  the  lamp  filament  in  the 

.same  relative  position. 

The  conclusion  which  we  reach  is  that  taking  Into  account 
the  variables  which  may  enter  into  the  distribution  of  light  about 
such  a  unit,  there  is  no  reason  to  expect  more  than  slight  varia- 
tions from  the  curve  shown  in  Mr.  Godinez's  paper,  so  long  as 
the  conditions  are  approximately  standard.  We  fail  to  see  how, 
under  any  conditions  which  are  approximately  standard,  a  curve 
similar  to  that  adduced  by  Messrs.  Cady,  Marshall  and  Lansingh 
could  be  obtained. 

Since  the  convention,  we  have  sought  to  arrive  at  a  curve  to 
which  these  gentlemen  and  ourselves  can  subscribe,  but  through 
no  fault  of  our  own  practically  nothing  has  been  accomplished 
in  this  direction  at  the  time  of  going  to  press. 

Mr.  George  H.  Stickney: — One  point  brought  out  in  the  dis- 
cussion this  morning  is  at  variance  with  my  experience  and 
observation.  That  is  that  a  glaring  source  affects  the  eye 
only  through  light  transmitted  directly  from  the  source  to  the 
eye,  and  not  through  the  light  received  from  the  objects  illumi- 
nated. This  would,  of  course,  be  true  if  all  illuminated  surfaces 
were  purely  diffusing.  Desks,  counters,  and  often  the  paper  of 
books  and  letters  give  more  or  less  direct  reflection.  In  a  large 
room  with  a  number  of  lamps  it  is  often  difficult  to  avoid  these 
more  or  less  distinct  reflected  images  of  the  light  sources.  And 
the  more  glaring  the  sources,  the  more  conspicuous  and  annoy- 
ing are  the  images.  Owing  to  the  direction  whence  it  comes, 
glare  reflected  from  desks,  counters,  etc.,  may  be  more  objection- 
able than  that  received  directly  from  the  light  source. 

Mr.  F.  L.  Godinez  (In  reply)  : — "Referring  to  the  sixth  page 
of  my  paper,  it  has  been  asserted  that  the  filament  of  the  lamp 
was  tested  in  the  wrong  position,  owing  to  the  distortion  of  the 
well  known  '"intensive"  curve.     At  this  point  t  tions  may 

be  answered  simultaneously. 

Referring  to  the  curve  of  figs.   18  and  20,    M  ady  and 

l.ansingh  both  alluded  to  the  peculiar  distribution  and  distortion 
obtained  by  a  prismatic  reflector  of  the  intensive  type  T  have 
never  been  able  to  discover  anv  published  photometric  curves  of 
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prismatic  reflection,  either  of  the  extensive  or  intensive  type, 
since  the  advent  of  the  new  drawn  wire  tungsten  lamp.  So  it 
became  necessary  to  secure  one  of  these  latest  lamps  standardized 
by  the  Electrical  Testing  Laboratories  and  tested  with  an  in- 
tensive prismatic  reflector.  It  has  been  shown  conclusively  in  a 
preceding  paper  by  Mr.  Marshall  that  the  slightest  variation  in 
filament  position  modifies  the  distribution  curve.  Of  course,  it 
is  immaterial  whether  this  modification  is  accomplished  by  a 
change  of  holder  or  by  a  change  of  filament  position  in  the  lamp ; 
the  result  is  equally  unsatisfactory.  As  it  happens  the  new 
drawn  wire  lamp  filament  is  in  a  considerably  lower  position  than 
the  old  type  lamp  from  which  the  extensive  and  intensive  curves 
of  prismatic  reflectors  were  obtained.  It  is  evident  from  the 
above  that  the  very  "flexibility"  of  prismatic  glass  is  its  greatest 
weakness,  since  with  every  illuminant  improvement  involving  a 
change  in  filament  position,  the  distribution  curve  attained  by 
prismatic,  or  specular  reflection  is  modified  and  distorted.  From 
the  appearance  of  fig.  22,  it  is  apparent  that  with  an  opal  reflector 
with  a  depolished  inner  surface  and  the  same  lamp  and  filament 
position  used  in  the  case  of  the  prismatic  reflectors  that  the  dis- 
tribution curve  is  free  from  distortion  and  much  more  satisfac- 
tory. All  these  curves  were  made  by  the  Electrical  Testing 
Laboratories  with  their  usual  care,   discretion   and  reliability. 

Mr.  Lansingh  in  referring  to  ground  glass  globes  spoke  of  the 
fact  that  the  prismatic  globe  was  of  course  uniformly  illuminated 
even  if  the  prismatic  action  did  result  in  the  breaking  up  of  the 
light  into  a  series  of  regular  bright  points.  That  is  quite  true, 
but  in  the  case  of  ground  glass  there  is  one  bright  spot  of  light 
in  the  center  and  in  the  prismatic  globe  myriads  of  bright  spots 
covering  the  entire  surface ;  so  the  area  of  intrinsic  brilliancy  and 
annoyance  to  the  eye  is  much  greater  in  the  latter  case. 

Referring  to  installations  of  commercial  glassware  in  the 
home,  I  can  conceive  how  Mr.  Lansingh  might  infer  in  some 
cases  that  people  of  no  discernment  would  introduce  glassware 
in  the  home  of  the  type  which  had  been  identified  with  cheap 
commercial  installations  ;  but  it  is  difficult  to  believe  that  persons 
cf  refinement  could  defile  the  environment  of  the  home  by  intro- 
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ducing  reflectors  of  a  type  identified  with  f  the 

crude  commercial  interior. 

Regarding  the  effect  of  looking  into  a  satin  finished  reflector, 

a  prismatic  or  a  polished  type  as  shown  photographically  in  figs; 

i~.   \<>  and  21   of  my  papei — it  is  underst 1  that   lamps  and 

reflectors  are  not  hung  in  Mich  a  position  that  the  lamp  tip  is 
staring  one  in  the  face,  hut  as  Dr.  Cobb  has  emphasized1   it  is 
practically  impossible  for  the  eye  to  refrain  from  straying  to  a 
source  of  light,   and  of   course  with  specular  or  prismati< 
flection,  sharp,  disagreeable  rays  of  light  must  enter  the  eye. 

Dr.  Cobb  refers  to  the  question  of  color,  alluding,   1   believe, 
to  the  new  glassware  which  was  mentioned  in  my  paper.     I  quite 

with  Dr.  Cobb  in  his  observation  that  "color  is  moi 
of  a  habit."  But  for  some  psychological  reason  people  have 
actually  become  attached  to  the  col«>r  effect  of  the  oil  lamp. 
Whether  the  heat  has  anything  to  do  with  it  or  not  is  immai 
and  irrelevant,  but  it  is  certain  that  the  mellow  effect  and  tone 
i-  universally  pleasing.  I  feci  that  this  question  must  be,  for 
some  time  to  come,  simply  a  matter  of  public  opinion.  Many  will 
agree  that  they  desire  such  an  effect  in  the  home  while  others 
will  prefer  an  absence  of  shadow  as  more  agreeable.  I  [ere  again 
is  encountered  the  desirability  of  contrast  in  one's  intimate  sur- 
roundings. If  in  a  living  room  one  sees  the  four  walls  with  un- 
failing regularity  throughout  the  day.  with  every  detail  of   wall 

ration,    pictures,    and    bric-a-brac,   obtruding    tin- 
monotonous.     If  at  night  a  mystic  veil  of  shadow  descends  en- 
hancing the  aspect  of  an  agreeable  light  source  titer  table 

estive  of  mellow  warmth  and  pleasing  harmony,  and  adding 
in  the  general  or  partial  softening  of  the  enclosing  dimensi 
the    feeling  inspired  perhaps   is   really  one  of  complete 
In  the  accounts  of  the  recent  coronation  in  Londoi  ment 

allusions   to  the  wonderful   "mystery"  of  the 
minster  Abbey.     The  only  reason    that    this    ceilir 
terious  was  because  it  was  not  brightly  illuminated.     Tf  it   had 
been,  there  would  not  have  been  any 

With  reference  to  the  utilization  of  the  flux  above  and  b< 
the  horizontal  from  a  reflector,  it  is  true  that  in  all  the 

1  P.  S.  Cobb,  Physiological  Point  I: 
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forms  of  opal  glass  manufactured  there  is  considerable  variation. 
However,  with  a  very  dense  opal  interiorially  depolished  (fig. 
21 ),  a  slight  amount  of  light  flux  will  be  transmitted  above  the 
horizontal  (fig.  22)  and  consequently  a  slight  amount  will  be 
returned  to  the  working  plane  by  the  reflex  color  action  of  the 
walls  or  ceiling.  This  is  significant  for  the  reason  that  if  one 
desires  to  maintain  a  certain  fixed  intensity  of  illumination 
throughout  the  life  of  an  installation  it  perhaps  would  be  better 
to  install  reflectors  of  a  type  whose  reflection  of  the  flux  below 
the  horizontal  might  be  regarded  as  constant,  and  not  dependent 
upon  any  transmitted  upper  hemispherical  flux,  which  varies 
with  the  changing  conditions  of  decorations  and  the  effect  of 
dirt  falling  on  the  exterior  of  a  reflector  and  impeding  its  trans- 
mitted flux  upward. 

Mr.  Cady's  observation  concerning  the  intrinsic  brilliancy  of 
prismatic  reflector  surface  and  the  intrinsic  brilliancy  of  filament 
source  has  been  answered  by  Dr.  Cobb's  verification  of  Mr. 
McCormack's  statement  that  "glare  and  prismatic  reflection  are 
synonymous."  The  subject  need  not  entail  prolonged  discussion; 
the  results  as  photographically  indicated  may  be  convincingly 
verified  by  simple  ocular  demonstration. 

In  selecting  reflectors  for  installation  requirements  it  must  be 
decided  whether  the  efficiency  of  the  lamp  and  reflector  or  the 
efficiency  of  a  system  dependent  upon  variable  conditions  is  de- 
sirable. In  my  paper  the  value  of  upper  hemispherical-trans- 
mitted flux  as  a  contribution  to  the  working  plane  is  mentioned. 
In  order  to  determine  the  exact  significance  of  the  absorption 
factors  of  walls  and  ceilings  in  actual  practise  consider  a  yellow 
'.vail  having  an  absorption  factor  of  60  per  cent.  The  interior 
bounded  by  this  wall,  let  it  be  assumed,  is  to  be  illuminated  by  a 
10-inch  ground  glass  ball  enclosing  a  150- watt,  clear  tungsten 
lamp.    The  lumens  emitted  in  the  various  zones  are  as  follows : 

Angle  Lumens 

O-60  2l6 

0-90  Lower  hemisphere  505 

90  -  180  Upper  hemisphere  501 

0-180  Total  flux  1,006 

Hence  501  lumens  are  from  the  upper  hemisphere.     It  is  evident 
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tliat    three   reflections    must    take   place    before    this     Light     tlux 
reaches  the  working  plane.     Hence, 

501        less  60  per  cent.  (300.6  )  .fter  1st  reflection 

200.4    less  60  per  cent.  (120.24)  =    80.16  after  2<1   reflection 

So.  16  less  60  per  cent.  (  48.09)         32.07  after  3d  reflection 

Now  let  it  bo  assumed  that  the  occupants  of  this  interior  ha\- 
cided  to  redecorate  the  room  with  a  lighter,  blue  paper,  having  un- 
fortunately an  absorption  factor  of  75  per  cent.  Without  de- 
ducting for  the  depreciation  in  candle-power  due  to  the  lamp 
life,  and  assuming  that  the  accumulated  dirt  on  the  outer  re- 
flector surface  has  no  effect  in  retarding  the  transmission  of 
upper  hemispherical  flux,  with  the  same  value  of  lumens  in  the 
upper  hemisphere  as  previously,  the  following  results  would  be 
obtained : 

501  less  75  per  cent.  (375.75)  =  125.25  after  1st  reflection 
125.25  less  75  per  cent.  (  93.93)  =  31.32  after  2d  reflection 
31.32  less  75  per  cent.  (   23.49)  =      7.83  after  3d  reflection 

Therefore  in  the  first  case,  with  the  yellow  wall  paper,  the  net 
contribution  to  the  plane  would  be  32.07  lumens  or  3.1  77m  per 
cent,  of  the  total  flux,  and  6.4  per  cent,  of  the  upper  hemispherical 
flux.      In   the   second   case   with   the   light   blue   paper   the   7.83 
effective  lumens  would  represent  0.77  per  cent,  of  the  total  tlux, 
and  but  1.56  per  cent,  of  the  upper  hemispherical  flux.    Granting 
for  the  sake  of  argument  that  this  infinitesimal  quantity  is  of 
vast   importance,   one  must  admit  that    its   value   is    strictly   de- 
pendent   on    variable,    external    factors    which    are    beyond    the 
control   of  the  manufacturer.     It   is  appropriate,   then 
choosing  reflectors,  for  mercantile  interiors  in  particular,  to 
those  which  utilize  the  greatest  percentage  of  light  flux   ' 
the  horizontal,  and  are  not  dependent  upon  transmitted  flux 
its  absolute  dependence  upon  reflector  surface  cleanliness  or  the 
permanency  of  wall  and  ceiling  tints,  with   perpetual  '; 
conditions. 

a   matter   of   interest    I    might   add   here   that    within 
months  in  fifty  cities   in   this  country  a   montl  will 

be  mailed  on  every  bill   rendered  by  the  light ; 
their   consumers    stating   that   all    installat  1    by   the 

illuminating    engineering    department    or    illuminating    engineer 
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of  the  local  company  will  be  officially  guaranteed  to  give  satis- 
faction, and  if  not  satisfactory  in  any  way  will  be  restored  to 
such  condition,  or  modified  to  suit  the  consumer.  On  the  other 
hand,  the  lighting  company  will  assume  no  responsibility  what- 
soever for  any  installation  not  designed  by  their  engineering 
department.  In  addition  to  this,  for  all  consumers  who  desire 
to  cbange  their  lighting  equipment  or  for  new  consumers  who  are 
considering  a  new  equipment,  attractive  sketches  will  be  prepared 
showing  the  new  arrangement  and  enhanced  appearance  of  the 
interior  as  it  will  look  when  complete  with  the  fixtures  and 
reflectors  as  designed  by  the  illuminating  engineering  depart- 
ment. This  will  of  course  increase  the  respect  of  the  public  for 
genuine  illuminating  engineering,  and  at  the  same  time  will 
strengthen  the  position  of  public  utility  corporations  by  direct- 
ing their  consumers  attention  to  the  many  physiological, 
psychological  and  esthetic  phases  of  the  subject  which  in  their 
entirety  constitute  the  art  and  science  of  illumination. 


ANNUAL  MEETING. 


The  annual  meeting  of  the  society  will  be  held  in  New  York 
on  Friday  evening,  January  12,  191 2.  This  will  be  the  occasion 
of  the  inauguration  of  the  new  administration  and  the  conduct  of 
certain  other  business.  A  detailed  announcement  will  be  mailed 
shortlv  to  each  member. 
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COL  Nell.  NOTES. 


A  meeting  of  the  council  was  held  in  the  general 
tlie  society,  29  West  Thirty-Ninth  Street,  December  8.     Those 
in  attendance  were  A.   K.    Kennedy,  president;    II.   1*'..   [ves,   A- 
S.  McAllister,  G.  S.  Barrows  and  P.   S.   Miliar,  general  secre- 
tary. 

A  statement  of  the  society's  finances  and  membership  was  pre- 
sented by  the  assistant  secretary. 

From  the  finance  committee  a  report  constituting  the  approval 
payment    of    vouchers    aggregating   S-  ived. 

Payment  of  the  vouchers  was  authorized  by  the  council. 

1  »r.   Ives,   chairman   of  the  committee  on  reciprocal   relations 
with  other  societies,  presented  the   following  report: 

At    a   meeting  of   the   committee   on    reciprocal    rel  Id    Thurs- 

day.   December    7.    the    following   plan    of    campaign  ided    upon. 

subject  to  the  approval  of  the  council : 

The  chairman  of  the  committee  will  shortly  « 1 

or    secretaries   of   the    societies    with    which    we    wis!  n    re- 

lations.  This  letter  will  call  attention  to  tin-  depend* 
engineering  on  the  several  arts  and   science-,  and  t<>  the  wide   rai 
trades  and  professions  interested  in  proper  lighting.     Oui 
our  own   need    for  closer   touch  with   the  underlying  and    with 

the    ultimate    users    will    be    dwelt    upon,    and    tl  that 

mutual   good   result    from   an   exchange    of    views      With   the 
securing    a    better    acquaintance    with    each    other's    « 
c  suggestions  will  be  made. 

1.  Our    secretary's    office    wdl    be    pr  furnish    at    any    til 
i   all   papers   which    hav< 

any   particular   subject,   <>r   the   complete   index   of   papers   i"    th< 
may  be  had.     These  will   not   onl  uaint   the 

with  the  work  of  this   society  but  will  assist  them  ii 
speakers  when   illumination   topics  are  I    in   their 

2.  The    secretary's   office   has   in   preparation   a 
are  quali:  uss  various   topics,   and 
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papers  are  to  be  sent.  If  other  societies  are  so  desirous  the  secretary 
will  send  titles  or  advance  copies  of  their  papers  to  the  appropriate 
members  of  this  list.  Similarly,  our  society  would  be  glad  to  supply 
advance  copies  of  its  papers  to  be  circulated  among  selected  members 
of  the  societies,  with  the  invitation  to  take  part  in  our  discussion.  By 
this  means  each  society  should  insure  discussion  of  all  sides  of  a  topic. 

3.  Others  will  be  asked  to  invite  an  official  representative  of  our 
society  to  serve  on  each  committee  dealing  with  purely  illuminating 
engineering  questions.  Through  this  representative  it  is  hoped,  over- 
lapping or  duplication  of  work  by  different  societies  will  be  avoided. 
Such  matters  as  standardization  rules  on  lighting  will  not  be  adopted 
until  approved  by  our  society,  and  in  time  the  Illuminating  Engineering 
Society  will  be  recognized  as  a  clearing  house  for  all  legislation  on  il- 
luminating problems. 

It  is  intended  that,  if  possible,  this  official  representative  of  our  so- 
ciety shall  be  as  well  a  member  of  our  committee  on  reciprocal  relations. 
The  membership  of  the  committee  will  thus  ultimately  be  made  up  largely 
of  men  who  know  what  is  being  done  in  other  societies,  and  are  in  a  posi- 
tion  to   see  that  the  Illumination   Engineering  Society  is  not  overlooked. 

The  bodies  with  which  communication  will  be  opened  are : 

American  Institute  of  Architects. 

American  Association   for  the  Conservation   of  Vision, 

American  Gas    Institute. 

American  Institute    of    Electrical    Engineers, 

American  Ophthalmological   Society, 

National  Commercial    Gas   Association, 

National  Electric  Light  Association, 

Association  of  Railway  Electrical   Engineers, 

American    Society    of    Mechanical    Engineers 

Association  of  Edison   Illuminating  Companies, 

Association  of  Iron   and   Steel  Engineers, 

American  Medical  Society, 

Cotton  Manufacturers  Association. 

The  foregoing  report  was  approved  and  endorsed  by  the 
council. 

The  following  amendment  to  the  by-laws  was  read  a  second 
time  and  adopted : 

Omit  the  phrase  "by  a  public  auditor"  in  Article  4.  section  7,  which 
reads   as    follows : 

"The  accounts  of  the  secretary  and  the  treasurer  shall  be  audited  an- 
nually just   prior   to  the   annual   meeting,   by   a  public   auditor." 

The  following  proposal  to  amend  the  by-laws  was  read  for 
the  first  time : 
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Article  III.  section  3.  Change  this  paragraph  to  read,  "Whin  applica 
dons  for  admission  arc  received  from  persons  residing  within  the  terri 
tory  of  a  section  the  general  secretary  shall  notify  tl  •■   of  thai 

section  and  shall  request  the  board  of  examiners  of  I  make 

a   prompt    report   upon   the   applications. 

It  was  also  proposed  that  a  by-law  be  inserted  in  connection 
with  Article  VII.  section  1  _\  of  the  constitution  to  read  as  fol- 
lows : 

A  revised  report  of  any  member's  discussion  on  any  paper  must  be 
received  at  the  general  office  of  the  society  within  ten  days  after  it  has 
been  mailed  to  the  member,  otherwise  revision  shall  he  made  by  the 
editing  committee. 


SECTION     MEETINGS. 


CHICAGO    SECTION'. 

The  Chicago  section  held  it>  monthly  meeting   December    i<> 
Mr.  C.  W.   liender  of  the   National  Electric  Lam])  Association, 
eland,  read  a  paper  on  the  drawn-wire  tungsten  lamp. 

A  list  of  the  papers  that  have  l>een  arranged   for  the   future 
meetings  of  the  Chicago  section  is  as  folic 

January   iS.  •"Church  and  Auditorium  Li^litin.i;"  by  Mr.    V  J. 
Morgan  of  the  National  X-Ray  Reflector  Company  of  Chi 

February    15,    "Office    Lighting"    by    Mr.    S.    I'..    Church    of 
rs,  Roebuck  and  Co.  of  Chicago. 

March  21,  a  paper  on  "Visual  Acuity"  by  Mr.  A.  J.  Sweet  of 
the  Ilolophane  Company. 

April  18.  a  paper  on  School  Lighting.     The  name  of  the  author 
ha-  not  yet  been  announced. 

May    16.   The  Manufacture   of   Illuminating  Gla«  The 

name  of  the  author  has  not  yet  been  announced. 

PHILADELPHIA   SE<     [ON. 

Dr.  W.  M.  L.  Coplin,  director  of  the  Jefferson  Hospital,  Phil- 
adelphia read  a  paper  entitled,  ••Institutional  Lighting  with 
rial  Reference  to   Hospitals"  at  a  meeting  of  the   Philadelphia 
section  held  December   15. 

The    following   program    for    future    meeting 
nounced : 
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January  19,  1912,  A  paper  entitled  "Illumination  of  Interiors 
by  Daylight  and  by  Artificial  Light"  will  be  read  by  L.  B.  Marks. 
Mr.  V.  R.  Lansingh  will  deliver  a  lecture  entitled,  "The  Archi- 
tect and  Illuminating  Engineering.  It  is  also  planned  to  precede 
the  paper  of  the  evening  with  a  short  talk  on  the  rudiments  of 
illuminating  engineering  by  Prof.  Arthur  J.  Rowland,  director  of 
the  School  of  Engineering  of  Drexel  Institute,  Philadelphia. 
Similar  talks  by  Prof.  Rowland  will  be  given  at  each  of  the  suc- 
ceeding meetings  of  the  Philadelphia  section  this  season. 

On  February  16,  Prof.  George  Hoadley,  professor  of  physics 
at  Swarthmore  College,  will  deliver  a  lecture  on  "The  Physics 
of  Light." 

NEW   YORK    SECTION. 

At  the  meeting  of  the  New  York  section  which  was  held  De- 
cember 14,  Dr.  Ellice  M.  Alger  read  a  paper  on  "The  Conserva- 
tion of  Vision."     The  paper  appears  in  this  issue. 

The  program  of  papers  which  has  been  announced  for  the 
future  meetings  of   the  present   season   is   as   follows: 

The  January  meeting  will  be  devoted  to  a  general  discussion 
of  street  lighting. 

At  the  February  meeting  a  paper  on  visual  acuity  will  be 
read. 

Two  papers  will  be  presented  at  the  March  meeting,  one  on 
the  relation  of  light  to  art  and  photography  and  the  other  on 
the  relation  of  photography  to  photometry. 

At  the  April  meeting  a  paper  on  mine  lighting  will  be  pre- 
sented. 

The  names  of  the  authors  of  the  above-mentioned  papers  have 
not  yet  been  announced. 

NEW  ENGLAND  SECTION. 

At  the  January  meeting  of  the  New  England  section,  two 
papers  will  be  presented,  one  by  Messrs.  C.  H.  Sharp  and  Pres- 
ton S.  Millar  and  the  other  by  Dr.  H.  E.  Ives. 
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THEATRE  1 1. 1. I'M  IXATh  ).\.' 


i:v    P.   A.   VAUGH  \     \M>  «"..    II.   COOK. 

Illuminating  engineers  have  contended  that  illuminating  en- 
gineering as  a  profession  must  embrace  ami  be  coordinated  with 
many  of  the  fundamental  principles  of  other  branches  of  sci 
and  art  than  engineering,  optics  and  illumination.  The  principal 
hranehes  so  co-related  to  illuminating  engineering  include  physi- 
ology, psychology,  ophthalmology,  architecture,  interior  deco- 
ration, fixture  design,  and  other  liberal  and  tine  art-  and  sen 
That  contention  is  convincingly  exemplified  in  the  application 
of  the  principles  of  illuminating  engineering  to  theatre  illumi- 
nation— the  subject  of  this  paper. 

In  theatre  illumination  laws  of  light,  illumination,  and  psy- 
chology, should  be  so  effected  that  the  patron  of  the  theatre  will 
neither  be  aware  of  any  disturbing  influence  from  the  lighting 
conditions,  nor  have  his  enjoyment — the  purpose  of  his  pres 
ence  in  the  auditorium — impaired ;  so  that  it  will  not  detract 
from  the  pleasure  of  social  intercourse  through  the  medium  of 
little  visits  between  the  acts,  or  visually  through  tin-  use  of 
opera  glasses  upon  the  well  dressed  audience  :  so  that  the  tempera- 
mental eccentricities  and  the  artistic  feeling  of  the  actor  artists 
will  be  catered  to  by  pleasant,  effective  dressing  room  lighting. 
and  by  realistic,  non-disturbing  stage  lighting;  so  that  the  multi- 
farious tastes  of  the  laity  from  every  station  in  life  who  frequent 
the  performances  will  be  appealed  to  in  as  average  and  uniform 
a  manner  as  possible;  so  that  the  deception  of  the  audi< 
by   illumination   effects,    into   the   happy    -•  nol    realizing 

the  '"sham  of  it  all,''  is  accomplished;  so  that  the  attention  of  the 
passerby  will  be  attracted  to  the  man. 

their  patronage  J  and  so  that  the  warm  and  inviting  quality  and 
quantity  of  the  illumination  of  entrances  and        er  will  h 
fective.     To  say  the  least,  the  requirement 
illumination  are  numerous  and  varied. 

Many  of  the  principles  of  physiology  and  ophthalmol 
be  contemplated  and  applied  in  such  mann< 
a-    r>  ssible    the    fatiguing    discomf  rl    arising    fi 

1  A  paper  read  at  the  Chicago  section  of  the   Illu. 
vemt>er  16,  1911. 
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glare,  due  to  light  sources  placed  in  the  range  of  vision,  and 
the  resulting  drowsiness,  eye  strain,  and  headache;  and  also 
to  avoid  the  resultant  depressions  of  vision  caused  by  the  ne- 
cessity of  viewing  objects  beyond  these  sources.  Due  considera- 
tion must  also  be  given,  in  connection  with  the  professions  of 
architecture  and  interior  decoration,  to  the  bringing  out  of  the 
beauties  of  the  ceiling,  proscenium,  facade,  foyer,  hangings  and 
costumes;  the  last  forms  a  large  part  of  the  decorations  of  a 
well  filled  auditorium. 

Here  one  point  should  be  emphasized:  Through  the  coopera- 
tion of  the  architect,  the  interior  decorator  and  the  illuminating 
engineer  remarkable  results  in  efficiencies  and  pyschological  effects 
may  be  obtained,  especially  by  an  intelligent  selection  of  tints  and 
colors  for  reflecting  surfaces  and  general  decorations,  together 
with  a  consideration  of  the  tonic  effects  of  red  and  the  sedative 
effects  of  blue,  and  the  deception  as  to  actual  quantity  of  light 
which  accompanies  high  absorptive  qualities  in  the  decorations. 

Then,  too,  harmony  must  exist  between  the  ideas  of  the  illu- 
minating engineer  and  the  fixture  designer,  so  as  to  properly 
adapt  them  to  the  artistic  and  harmonious  embellishment  of  the 
general  interior  effect.  The  colorings,  tints  and  textures  of  all 
parts  of  the  auditorium  must  also  be  considered,  so  as  to  take 
into  account  or  counteract  the  absorptive  powers  and  other  dis- 
advantageous or  advantageous  qualities. 

Lastly,  there  is  one  other  phase  which  has  not  been  in- 
cluded in  the  foregoing  paragraphs ;  it  is  more  plebeian  than 
any  of  those  that  have  been  mentioned ;  and  it  necessarily  has 
the  greatest  influence  on  the  results  accomplished  by  the  illumi- 
nation scheme :  it  is  financial  economy.  Too  often  a  theatre 
manager  is  so  exacting  in  his  methods  of  economy  that  an  illumi- 
nating engineer  finds  it  extremely  difficult  to  provide  the  best 
illumination  scheme  for  the  theatre. 

Theatre  illumination  may  be  divided  into  many  types,  classes 
and  divisions,  varying  widely  in  their  principles,  applications, 
scope  and  results.  Fig.  1  shows  a  more  or  less  complete  classi- 
fication  of   them. 

In  the  exterior  lighting  of  theatres  two  extremes  may  be  ob- 
served :  one  is  the  use  of  sign,  studded  incandescent  and  flame 
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arc  lamp  effects ;  the  other  is  the  use  of  practically  no  other 
illumination  than  that  afforded  by  the  nearby  street  lighting 
standards.  The  large  foreign  theatres,  and  the  theatres  of  the 
better  sort  in  this  country,  are  examples  of  the  latter  instance 
(fig.  2)  ;  while  the  smaller  and  cheaper  vaudeville  houses 
(figs.  3,  4,  and  5)  particularly  in  this  country  illus- 
trate the  former  extreme.  A  feasible  explanation  for 
such  divergence  in  practise  is  to  be  found  in  the  fact 
that  the  large  foreign  theatres  are  assured  of  financial 
support  by  royal  patronage  and  therefore  have  no  need 
for   exterior   attraction    lighting.        The     latter    comparison    of 


Fig.  2. — Imperial  Opera  House,  Vienna,  Austria. 

two  classes  of  theatres  is  of  course  very  antithical ;  but  it  indi- 
cates how  radically  different  the  exterior  illumination  of  theatres 
may  be  treated  in  various  localities  and  under  different  com- 
mercial and  artistic  conditions. 

At  this  point  the  attention  of  the  illuminating  engineer  should 
be  directed  to  the  practise  of  disfiguring  theatre  exteriors  by  signs 
and  other  objectionable  forms  of  attraction  lighting.  To  no  small 
extent  it  devolves  upon  the  illuminating  engineer  to  stem  the 
progress  of  possibly  too  rampant  tendencies  toward  an  ob- 
noxiously glaring  treatment  of  this  phase   of   illumination. 

The  word  "attraction,"  for  want  of  a  better  term,  has  been 
used  to  describe  the  exterior  illumination  of  small  theatres, 
particularly  the  cheap  vaudeville  houses.  "Attractive"  was  not 
used  because  such  lighting  is  generally  abnormally  unattractive 
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ami  sometimes  grotesque.  It  often  consists  <>t"  lighting  unit ^ 
adapted  to  all  forms  of  glaring,  advertising,  and  alluring 
tures  on  the  outside  of  the  playhouse,  primarily  for  the  purpose 
of  attracting  the  attention  of  the  passing,  prospective  patron. 
Signs  (figs.  3,  4.  and  5)  both  inerl  and  animated  are  used  in 
various  forms  and  ways   for  announcing  the  programs  <>!'  the 


Fig.  3.    The  Crystal  Theatre,  Mllw 

evening  and  for  producing  flashing  and  kaleid 
induce  the  pnbhc  to  direct  tlu-ir  attention  toward  the 

Having  accomplished  this  purpose,  the  dec  native  illumination 
effects  on  the  exterior  are  dependent  upon  as  a  further 
influence  1  n  the  unwary  passerby.     Tl 
accomplished  by  almosl   innumerable  variation  Iding  the 
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facade  and  frontal  exterior  with  incandescent  lamps.  The 
same  psychological  effect  might  as  effectually,  and  more  artisti- 
cally, be  obtained  through  the  medium  of  concealed  light  sources 
playing  upon  the  architectural  features  and  bringing  out  in 
bold  relief  the  details  against  the  surrounding  darkness.  Fig. 
5,  a  picture  of  the  front  of  the  Butterfly  Theatre  of  Milwaukee. 
illustrates  the  former  method ;  it  shows  the  use  of  studded 
small,   multiple   series,   tungsten   lamps. 


Fig.  4.— The  Orpheum  Theatre,  Milwaukee.  Wis. 


One  proposition  presented  to  the  management  of  this  theatre 
for  consideration  was  that  shown  in  fig.  6,  where  units  of  suf- 
ficient size,  character  and  number  were  to  be  concealed  at 
various  points  behind  the  wings  of  the  butterfly  and  at  other 
places,  so  as  to  illuminate  the  background  and  certain  por- 
tions of  the  facade,  allowing  the  butterfly  and  other  parts  to 
become  silhouetted  against  this  highly  illuminated  background. 


Ill  I.  \'l  Kl.    1  I.I.I'M  IN  A  1  [ON 


An  exterior  of  this  character  could  also  be  designed  with  the 
lateral  towers  projecting  somewhat  in  front  of  th  i   the 

facade,   with   variations   of   tower  and   castle   eflfe 
allow  the  foreground  and  portions  corresponding  to  the  butterfly 
to  be  brightly  illuminated,  by   means  of  projectoi  arch- 


■The  Butterfly  Theatre.   Milwaukee.  Wl* 


lights,  against  a  darker  background;  this 

duced  in  a  different  way  by  the  -Humiliation  of  the  Butter- 

fly Theatre-,   shown   in   fig.   5.     <  >r  it  might   be  d  by 

flooding  the  entire   front  of  the  building  by   meai 
tors  stationed  at  various  points  and  heights  in  tl 
ers  themselves  being  uniformly   illuminated    from 
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vantageously  placed  so  as  to  allow  the  downward  distribution 
of  illumination  over  their  entire  surface. 

Utility  lights  are  used  on  the  exterior  of  theatres  for  the 
purpose  of  securing  just  the  necessary  illumination  under  the 
porticos,  and  on  the  street  in  front  of  the  theatre  after  the  per- 
formance has  begun  when  the  "attraction"  lighting  can  not  be 
used  to  great  advantage,  for  the  purpose  of  calling  cabs  by  means 


Fig.  6.  —Butterfly  Theatre  (Milwaukee)  scheme  of  lighting  the  facade  by  concealed  lamps. 

of  talking  signs  or  other  contrivances,  and  in  some  cities  for 
the  purpose  of  signalling  to  the  street  car  trainmen  when  the 
performance  is  about  to  terminate,  in  order  that  the  train 
schedule  may  be  adjusted. 

While  the  illumination  of  the  exterior  of  a  theatre  is  in- 
teresting on  account  of  its  various  phases,  it  is  with  the  interior 
that  the  illuminating  engineer  is  most  concerned.  There  he 
can  exercise  to  the  greatest  degree  his  ability  and  ingenuity  and 
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rate  most  satisfactorily  with  the  co-workers  in  the  othei 
allied  branches  <■(  science  and  art. 

In  the  past  it  has  been  customary  to  illuminate  the  interior 
of  an  auditorium  by  means  of  a  large  central  chandelier  of  many 
units  and  an  arrangement  of  bracket  units  along  the  front 
of  tlie  balconies,  the  whole  scheme  being  augmented  by  incan- 
descent lamps  studded  along  the  outline  of  the  architectural  fea- 
ture- of  the  ceilings,  domes,  arches  or  balconies.     Such  installa- 


Fig.  7.— Imperial  Ope:  ""a 

dons   are   generally  criticizable   for  their  ideration 

of  the  other  branches  i  >usly  mentioned.     lm 

glare    from   unscreened   light  liikrl1    intensity   pi 

within  the  range  of  vision  is  usually  evident.     Thi 
treatment   of   the   problems   of   theatre   illumination    ha 
much  discomfort,  many  headaches  am  in  to  the 

patrons   of   the   theatre    who   come    there   t 

ined.     These  installations  utilize, 
illumination.     Tiny  are  illustrated  in  fig 
In  the  illustration  of  the  Maj 
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the  studded  lights  along  the  frontal  edge  of  the  balcony  and  gallery 
are,  on  account  of  their  locations,  well  above  the  lower  edge  of 
the  vertical  railing,  and  on  account  of  the  relatively  flat  curve  of  the 
contour  of  this  edge  of  the  balconies,  are  not  as  objectionable  as 
might  be  expected,  because  they  come  within  the  range  of  vision 
of  relatively  few,  besides  the  actors.  Besides  these  lights,  and 
the  relatively  low  intensity  sources  shown  on  the  ceilings  of  the 
balconies,  this  auditorium  is  illuminated  by  a  central  ceiling 
arrangement ;  no  units  are  placed  on  the  fronts  of  the  boxes  or 
the   proscenium   arch.      Series    of   illuminometer   readings   taken 


Fig.  8.  — Majestic  Theatre,  Milwaukee. 


in  this  theatre,  however,  show  the  effect  of  the  non-uniformity 
of  illumination  from  sources  entirely  in  front  of  the  deep  over- 
hanging gallery  and  balcony.  In  other  interiors  of  this 
kind,  on  the  other  hand,  the  glare  effect  of  the  balcony  and 
gallery  units  must  be  considerable. 

In  the  Chicago  Auditorium  (fig.  9)  the  major  part  of  the  illu- 
mination for  its  main  floor  is  supplied  from  the  large  arches 
which  support  the  superstructure  of  the  building;  these  are 
studded  with  a  large  number  of  incandescent  lamps  which, 
assisted  by  the  gilded  or  gold-leaf  decorations  of  these  arches, 
produce  quite  effective  illumination  for  those  seated  on  the 
main  floor ;  but  in  the  galleries,  however  the  glaring  effect  of 
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these  intensely  illuminated  golden  arches,  almost  directly  in  line 
with  the  stage,  is  very  objectionable. 

The  foregoing  illustrations  and  descriptions,  as  well  as  tl 
following,  are  presented  in  this  paper  for  the  purpose  of  exem- 
plifying existing  typical  installations  found  in  various  parts 
of  the  world  and  the  results  obtained  in  actual  illuminations; 
not  with  any  intention  of  entering  deeply  into  the  critical  or  argu- 
mentative side  of  each  particular  problem. 

In  a   recent   installation   designed    for   the    Pabst    Theatre   in 
Milwaukee,    mature    consideration    was    given    to    the    features 


Fig   9.— Chicago  Auditorium. 

mentioned  in  the  introduction  of  this  paper.  It  was  decided 
that  indirect  illumination  would  solve  tin-  greatest  number  of  prob- 
lems arising  in  that  playhouse.  It  was,  however,  necessary  u> 
contend  with  several  very  disadvantageous  conditions,  including 
the  color  and  texture  of  tin-  seats  and  floor  coverings,  which 
were  dark  red  plush  upholstering  and  Wilt- mi  carpd  r< 
tively.  and  the  color  of  the  walls  and  mural  decor  vhich 

also  consisted  largely  of  reds  and  terra  cottas.    The  lighting 
necessarily    planned    to    conform    to    tin-    existing    conditions    in 
the  theatre,  which  was  constructed  in    [894. 

Here.  parenthetically,  two  points   should  be  mention* 
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decorative  effects  are,  of  course,  almost  entirely  governed  by  the 
tastes  of  the  architects,  owners,  and  managers,  and  vary  ma- 
terially, due  to  nationality,  individuality  and  geographical  loca- 
tion. Again,  it  is  to  be  expected  that  the  decorative  and  archi- 
tectural features  of  the  theatres  in  France,  for  instance,  will 
differ  radically  from  those  in  Germany  and  America ;  and  that 


Fig.  io.— Foyer  of  Pabst  Theatre,  Milwaukee. 

the  typically  American  theatre  may  differ  materially  from  a 
theatre  like  the  Pabst,  which  is  German-American  in  its  own- 
ership, management,  attractions  and  patronage,  being  given  up 
largely  to  the  performances  of  a  German  speaking  stock  com- 
pany,  concerts   and   lectures. 

Another  disadvantageous  condition  encountered  was  the  rela- 
tively  short  time   in  which   to  thoroughly  develop  this   installa- 
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don,  on  account  of  delayed  decision  to  proceed  with  the  work, 
occasioned  by  absence  of  members  of  the  management  of  the 
theatre  until  a  late  date,  with  the  result  that  i-  still  hardly  be- 
yond the  experimental   sta^e. 

In  deciding  upon  the  above  type  of  installation,  it  was  realized 
that  certain  mechanical  difficulties  were  to  he  overcome,  owing  to 
the  use  of  inverted  dome  type  fixtures,  in  the  placing  of  these 
units  under  the  balconies  and  on  the  ceilings  of  the  boxes;  and 


Fig.  1 1. -Auditorium  central  lighting  unit  witn  reflector  disk,  Pabst  Theatre,  Milwaukee. 

in  designing  them  so  that  their  interior  units  would  not  he  per- 
ceptible from  any  of  the  upper  strata  of  seals.      It  the  last   men- 

d  difficulty  were  not   overcome  one  of  the  main  purp 
of  thi>  form  of  illumination  would  have  been  thwarted.  I 

3  indicate  how  some  of  the  aforementioned  conditions  were 
met  in  lighting  this  theatre. 
One  of  the  factors,  which  had  considerable  weight  in  the  de- 
n  to  make  this  theatre',  illumination  entirely  of  the  indirect 
type,    was    the    architectural    features,  illy    in    tl 


974      TRANSACTIONS  OE  ILLUMINATING  ENGINEERING  SOCIETY 

(fig.  10)  the  style  of  which  is  historically  interesting  from  an 
illuminating  engineering  standpoint.  The  ceilings  were  arrang- 
ed with  dome-like  depressions,  having  inner-coved  edges,  in 
which  incandescent  lamps  were  originally  used  without  reflec- 
tors. While  this  arrangement  was  artistically  pleasing,  it  was, 
of  course,  an  inefficient  type  of  installation  and  had  to  be  aug- 
mented by  the  installation  of  studded,  incandescent  lamps  at 
points  which  controverted  the  entire  .object  and  effect  of  the 
cove  lighting  installation.  These  architectural  features  were, 
however,  particularly  adaptable  to  the  installation  of  indirect 
lighting  units  which  are  now  installed.  The  latter  units  ac- 
complished, efficiently  and  artistically,  the  effect  originally  de- 
sired and  dispensed  with  all  visible  sources  of  light. 

To  preclude  the  possibility  of  obstructing  the  view  of  people 


ft                                                       ^ 

V             ' 

Fig.  12.  — Lighting  units  in  boxes  of  Pabst  Theatre,  Milwaukee. 

seated  in  the  rear  of  the  balcony  by  the  presence  of  the  units 
hung  near  the  front  of  the  gallery,  the  lighting  units  were  design- 
ed relatively  deep  and  each  suspended  close  to  the  ceiling  by  means 
of  three  slender  silken  cords.  They  were  thus  placed  out  of  the 
range  of  vision ;  their  interiors  were  well  concealed,  and  the 
clumsiness  of  the  short  chain  suspension  was  eliminated. 

On  account  of  the  low  ceiling  heights,  possible  interference 
with  the  head-dress  of  the  occupants,  and  the  undesirability  of 
having  the  interiors  of  the  units  in  view,  the  fixtures  in  the 
boxes  were  designed  as  shown  in  fig.  12  and  the  detail  drawing 
shown  in  fig.  13,  with  satisfactory  results  as  to  location,  height 
and  pleasing  artistic  effects  from  the  "sky"  illumination. 
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In  order  to  comply  with  the  rules  of  the  National  Board  of 
Fire  Underwriters  with  reference  to  fixture  insulation  and  to 
avoid  the  use  of  an  insulating  joint  and  a  large,  clumsy  canopy 
on  this  unit,  the  arrangement  as  shown  in  fig.  13  was  adopted. 
All  parts  of  this  fixture  which  are  subjected  to  electric  stress 


RC1*WKg~ 
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F'g-  «3—  Detail  drawing  of  lighting  unit  in  boxes  of  I'abst  Th-  atre.   Milwaukee. 

are  insulated,  and  all  grounded  parts  are  insulated  and  removed 
from  the   wiring.     The   small  brass  tube  conducting  the 
from  the  ceiling  to  the  interior  is  used  merely  as  a  guide  to  keep 
the  cord  in  position. 
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The  major  part  of  the  illumination  in  the  auditorium  of  this 
theatre  emanates  from  a  large,  inverted  dome-shaped,  indirect 
unit  (fig.  n)  suspended  from  the  center  of  the  domed  ceiling 
at  approximately  fifty-five  feet  from  the  main  floor.  The  lamps 
in  this  unit  are  arranged  so  that  a  majority  of  the  higher  wattage 
lamps  are  in  the  half  nearest  the  stage ;  the  smaller  lamps  are 
in  the  half  toward  the  gallery,  and  a  vertical  sheet  iron  shield 
is  placed  across  the  diameter  parallel  with  the  face  of  the 
gallery.  This  arrangement  produces  an  asymmetrical  distribution 
of  light  from  this  unit,  without  noticeable  effect  on  the  ceiling. 


Fig.  14.— Sketch  of  lighting  unit  in  ticket  office  of  Pabst  Theatre,  Milwaukee. 

More  than  half  of  the  light  thereby  reaches  the  main  floor  and  less 
than  half  is  intercepted  by  the  gallery  which  is  close  to  the  reflect- 
ing surface,  thereby  tending  to  produce  a  more  uniform  dis- 
tribution throughout  the  house.  It  also  overcomes  the  possibility 
of  actually  seeing  the  interior  of  this  unit  from  the  topmost 
seats  of  the  very  high  and  steep  gallery. 

The  absence  of  any  light  source  within  the  range  of  vision 
was  deemed  of  particular  importance  because  of  the  relatively 
great  number  of  concerts  and  lectures  which  are  given  under  the 
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auspices  of  this   management    and   the   resultant    long  periods 

throughout  which  the  aii'lience  would  be  subjected  to  whatever 
influence  might  he  occasioned  by  the  lighting  units. 


A  super-dome,  used  as  a  ventilation  opening,  at  the  apex  of 
the  domed  ceiling,  was  included  in  the  planning  of  the  old,  original 
central  unit,  and   from  this  was   suspended   a   prismatic  crystal 
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fixture  which  only  partially  obscured  the  structural  details  above. 
The  elimination  of  this  fixture  kit  an  opening  which  could 
not  be  utilized  for  the  reflection  of  light  and  which  necessitated 
the  development  of  the  reflector  disk  shown  in  the  illustration. 
The  disk  is  placed  far  enough  below  the  opening  to  allow  suffi- 
cient ventilation  space. 

The  scheme  of  concealing  all  light  sources  in  this  theatre 
was,  for  the  sake  of  completeness,  utilized  in  the  entrances  and  in 
the  ticket  office.  Just  within  the  entrance  a  large  indirect  unit 
was  in-tailed.  The  accompanying  illustration  (tig.  14)  of  the 
arrangement  of  straight  filament,  tubular  lamps  with  correspond- 
ing reflectors  shows  how  a  Mood  of  light  is  provided  on  the 
ticket  office  window  ledge  without  the  use  of  visible  souro 

The  various  photographs  which  were  secured  for  the  purpose 
of  illustrating  this  paper  were  not  taken  with  any  idea  of  uni- 
formity of  exposures  or  conditions,  or  to  represent  in  any  way 
the  actual  illumination  secured  in  any  instance;  they  were  taken 
indiscriminately  at  various  times  and  places,  and  by  different 
photographers,  under  daylight,  artificial  light  or  the  self-illumina- 
tion, without  special  regard  for  the  local  feature-.  To  illustrate 
the  details  and  appurtenances  utilized  in  producing  the  illumi- 
nation effects  was  deemed  more  important.  In  the  views  of 
interiors  of  theatres  illuminated  by  the  indirect  system — in  the 
Pabst  Theatre,  for  instance — the  photographic  difficulties  en- 
countered in  attempting  to  bring  out  the  actual  conditions  of  illu- 
mination existing  on  the  lightly  tinted,  intensely  illuminated 
ceiling  and  the  dark  red  carpet-  and  -eat  coverings  arc  ; 
nized.     The  illumination  effects  have  sometimi  sacrificed 

in   the   printing   of   the   photographs    to   their   main    purpose 
illustrating  the  details  of  the  design  of  the  installation.. 

Figs.  15  to  18  inclusive  -how  diagrammatically  the  entire  in- 
terior lighting  scheme  of  the  Pabst  Theatre.  Pigs.  [6,  17  and  18 
show  the  location  of  illumination  te-t  -tat ion-.  A  table  of  illum- 
inometer  reading-  taken  in  this  theatre  i-  appended  to  this  paper. 

Without  attempting  to  explain  the  possible  psychological  ef- 
fect of  indirect  illumination,  or  to  enter  into  the  argument  con- 
cerning the  relative  quantity  of  direct  and  indirect  illumination 
required  under  varying  conditions,  which   subject   i-  now  being 
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very  ably  investigated  by  a  member  of  the  Illuminating  Engi- 
neering Society,  the  authors  wish  to  express  the  opinion  which 
is  probably  held  by  those  who  have  utilized  much  indirect  illumi- 
nation, that,  after  the  first  impression  of  dimness  received  by 
any  person  upon  introduction  to  this  type  of  illumination,  due 
probably  to  the  existing  vogue  of  over  intensity  and  glare,  the 
results  are  in  general  satisfactory  with  less  foot-candle  intensity 


Fig.  19. — Majestic  Theatre,  Fort  Worth,  Tex. 

of    indirect    illumination   than    of   the   other   type   as    ordinarily 
installed. 

The  interior  views  of  several  other  theatres,  auditoriums  and 
lobbies  illuminated  by  the  indirect  system  are  shown  in  figs 
19  to  23.  Attention  should  be  directed  to  the  coloring  and  tex- 
ture of  the  interior  decorations  of  these  theatres,  especially  the 
light,  efficient  tinting  of  the  Butterfly  Theatre,  (fig.  21)  which  is  a 
contrast  to  the  dark  tone  of  the  Pabst  Theatre  interior.  The  direct 
lighting  units  shown  in  the  pictures  of  the  Majestic  Theatre  of 
Fort  Worth,  Tex.,  have  never  been  used  inasmuch  the  indirect 
units  alone  provide  satisfactory  illumination.  In  the  Plaza 
Theatre  of  Chicago  the  proscenium  arch  is  illuminated  by  mir- 
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rored  reflector  units  sunk  into  the  cornice  at  either  end  of  the 
arch. 

Incidentally  there  arc  now  in  the  planning  several  theatres  whose 
illumination  will  probably  he  entirely  of  the  semi-indirect  type 
In  those  installations  inverted,  diffusing,  glass,  dome-shaped  or 
urn-shaped  units,  suspended  similarly  to  the  usual  indirect  fix- 
tures will  he  utilized.  Prom  these  unit-  a  portion  of  the  light 
will  reach  the  plane  of  illumination  through  the  translucent  glass; 
while  the  major  portion  will  he  reflected  indirectly  from  the  ceil- 


Fig.  20  —Rear  of  auditorium, Majestic  Theatre,  Fort  v. 

ing.     It  is  hoped  that  this  type  of  installation  will  produce  pleas- 
ing and  satisfactory  results. 

Under  emergency  lighting  are  classified  all  the  lights  in  the 
auditorium  which  do  not  bear  directly  upon  the  performance, 
and  which  are  of  course  least  interesting  from  an  illumination 
standpoint.  But  these  must  he  taken  into  consideration  by  one 
who  plans  the  illumination  for  a  thoroughly  equipped  theatre. 
They  will  receive  but  casual  mention  in  this  paper.  They  in- 
clude exit  lights,  which  must  be  red,  to  indicate  every  point  of 
exit,  and  are  so  connected  and  constructed,  as  to  he  as  reliable 
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as  possible.  For  this  kind  of  lighting  ordinary  wax  candles  are 
sometimes  placed  behind  red  glassed,  recessed  inclosures  near  the 
exits.  Storage  battery  equipments  and  separate  feeders  and 
switches,  operated  from  both  box  office  and  stage,  are  also  used. 
Several  Chicago  theatres  use  gas  only  on  the  exit  lights  and  others 
use  sperm  oil  lamps.  In  some  indirect  installations  a  red  light 
is  wired  on  a  separate  circuit  in  a  unit  nearest  the  exit. 

Under  this  heading  is  also  included  the  so-called  panic  lights, 
which  are  required  for  use  under  conditions  similar  to  those 
which    existed    at   the    Iriquois   Theatre   fire    a    few    years    ago. 


Fig.  21. — Butterfly  Theatre,  Milwaukee. 

Their  character  and  installation  is  controlled  by  the  National 
Board  of  Fire  Underwriters.  Those  in  the  Pabst  Theatre  are 
shown  at  the  foot  of  the  statuary  group  above  the  proscenium 
arch  in  the  photograph  (fig.  11)  of  the  auditorium  central 
unit  and  reflector  disk.  They  should  be  controlled  from  the  box 
office  and  the  stage,  but  not  from  the  stage  switchboard,  by 
means  of  single  or  double-pole  switches,  connected  in  multiple 
so  that  they  may  be  turned  on  or  off,  at  both,  or  either  points, 
but  not  in  the  manner  of  a  three-way  switch  connection ;  because 
i-f  the  stage  electrician  should  turn  them  on   in   case  of  emer- 
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gency  from  the  stage  and  then  the  box  office  attendant  should  also 
decide  to  push  the  switch,  this  second  operation  would  counter- 
act the  first  and  extinguish  the  lights  which  were,  unknown  to 
him,  already  lighted. 

Stair,  passage  and  fire-escape  illumination  should  also  receive 
serious  consideration  with  the  other  classes  of  emergency  units. 
In  the  dark  stairways  leading  to  the  gallery  of  the  Pabst  Theatre, 
the  unit  shown  in  fig.  24  is  installed.  Two  lamps  are 
used,   where  one   would  give   ample   illumination,   to    provide   a 


Fig.  22  —Plaza  Theatre.  Chicago. 

greater  factor  of  safety  than  that  afforded  by  a  one-light 
fixture,  by  embodying  the  improbability  of  two  lamp-  burn- 
ing out  simultaneously:  or.  to  state  the  reason  differently. 
to  remove  the  possibility  of  having  part  of  the  winding  stairway 
darkened  in  a  time  of  great  emergency  by  the  burning  out  of 
a  single  lamp. 

For  the   sake   of  economy,   there   an    also   installed   at    various 
points  throughout  the  auditorium  working  lights  for  the  us< 
house-cleaners  and  attendants.       Such    lights    should    he    on  a 
separate   circuit    conveniently    controlled    from    the    auditorium; 
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they  may  or  may  not  be  a  part  of  the  general  illumination  scheme. 
In  the  Majestic  Theatre  of  Milwaukee  the  central  unit 
in  the  five-light  groups,  under  balcony  and  gallery,  are 
used  in  this  way.  In  the  Pabst  Theatre,  a  separate  circuit 
of  special  lamps  for  this  purpose  is  provided.  In  several  Chicago 
theatres  portable  floor  standards,  with  one  or  more  lamps  each 
are  used,  being  moved  from  point  to  point  by  the  house-cleaners, 
and  connected  to  base  board  of  floor  receptacles  by  long  cords. 
One  other  detail  to  be  considered  in  auditorium  illumination. 


Fig.  23. — Foyer  of  Majestic  Theatre,  Fort  Worth,  Tex. 

especially  in  cities  where  this  subject  has  been  treated  by  the 
common  councils,  is  the  requirement  by  city  ordinances  that 
enough  lamps  shall  be  kept  lighted  during  the  entire  exhibition 
in  theatres,  for  the  discernment  of  the  movements  of  the  audience. 
This  is  usually  accomplished  by  arranging  one  or  more  of  the 
lamps  in  each  unit  to  be  controlled  separately  so  as  to  provide 
just  sufficient  illumination  for  the  ushers,  and  to  comply  with 
the  spirit  of  the  ordinance,  without  producing  light  enough  to 
interfere  with  the  distinctness  of  the  views  upon  the  screen, 
or  with  other  stage  effects.     It  is  possible,   in  theatres  of  this 
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character    to    graduate    the    illumination   from  relatively    high 
intensity  at  the  rear  of  the  auditorium — even  up  to  full  intensity 
— to  a  relatively  low  value  at  or  near  the  stage. 
On  the  stage  there  are  so  many  accessories,  lighting  effects 


Fig.  24. — Sketch  of  stair  lighting  unit,  l'abst  Theatre.  Milwaukee 

and  miscellaneous  appurtenances  used  for  spectacular  or  strictly 
illuminating  purposes  with  intermeshing  indiscrimination  that 
it  is  difficult  to  select  the  parts  of  the  equipment  which  may 
safely  be  predicted  to  interest  the  illuminating  engineer  as  theatre 
illumination,  and  segregate  it  from  that  portion  which  could 
be  designated  as  "theatrical"  illumination.  However,  as  all  equip- 
ment utilized  by  the  house  electrician,  or  coming  under  his 
jurisdiction,   for  the   purpose  of  producing   lighting  effects    for 


Fig.  25. — Orchestra  leader's  lighting  equipment.  Majestic  Theatre,  Milwaukee. 

or  at  the  stage  must  have  an  important  bearing  upon  the  efforts  of 
the  illuminating  engineer  who  designs  the  lighting  equipment  of 
a  theatre,  it  will  all  be  touched  upon  in  this  paper  for  the  purpose 
of  eliciting  discussion. 

But  before  dealing  with  the  lighting  of  the  Stage,  there  is 
one  important  detail  of  theatre  illumination  which  deserves  at- 
tention— the  lighting  arrangement  for  the  orchestra.  I  nits  for 
the  use  of  the  musicians  should  produce  sufficient  extremely  lo- 
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calized  illumination  on  the  score,  with  a  minimum  interference 
with  the  effect  of  the  "dark"'  scenes.  This  is  usually  obtained 
through  the  medium  of  opaque,  cylindrical  enclosing  envelopes 
of  metal,  with  a  longitudinal  or  transverse  slit  for  the  emission 
of  the  light ;  its  usefulness,  convenience  and  effectiveness  can  be 
augmented  by  an  easily  operated,  quiet,  slit-adjusting  feature, 
which  will  provide  a  maximum  or  minimum  amount  of  light, 
as  required.  The  external  finish  of  the  enclosing  envelopes  may 
be  dull  green  or  of  an  equally  non-lustrous  coating. 

In  the  diagram  of  the  orchestra  leader's  illuminating  equip- 
ment (fig.  25)  designed  for  the  Majestic  Theatre,  it  will  be  noted 
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Fig.  26.  —  24-plate,  interlocking  theatre  dimmer. 

that  two  units  flood  his  stand  from  the  sides  instead  of  the 
single  unit  on  top,  as  used  by  the  other  musicians.  The  equip- 
ment shown  in  this  illustration  has  displaced  the  one  shown  in 
the  interior  view  of  this  theatre,  (fig.  8),  which  projected  ob- 
jectionably above  the  front  edge  of  the  stage. 

On  the  stage  is,  of  course,  always  located  quite  an  elaborate, 
ingenious  and  more  or  less  complicated  switchboard,  by  means 
of  which  complete  control  of  all  the  possible  stage  illuminating 
and  spectacular  effects  is  secured  by  the  house  electrician.  Mas- 
ter and  sub-master  switches  are  mounted  on  this  switchboard, 
by  which  all  or  a  part  of  the  circuits  can  be  instantaneously  dis- 
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connected  or  connected;  switches  by  which  the  "reds,"  "whites" 
and  "blues"  or  "ambers"  of  the  footlights,  borders  and  pro- 
scenium lights  can  be  controlled  arc  also  included — all  necessary 
and  convenient  switching  and  measuring  devices  should  also 
be  installed — the  entire  dimming  equipment,  with  its  interlocked 
handles  so  arranged  that  one  portion  of  any  section  of  any 
color  can  be  individually  increased  or  decreased  in  brightness, 


Fig.  27.— Detail  of  interlocking  type  dimmer. 

O!  the  entire  group  of  any  one  color  or  section  operated  simul- 
taneously by  means  of  the  master  lever,  should  also  be  mounted 
on  or  conveniently  near  this  switchyard.  Slow  moving,  grand 
master  levers,  which  will  operate  the  entire  dimming  equip- 
ment simultaneously,  are  sometimes  installed,  but  are  seldom 
used  in  the  average  theatre. 

Several   existing  arrangements   of  dimmer  plates,   levers   an  1 
switchboard  equipment,  exhibiting  the  varying  requirements  and 
interesting  detail  of    this  important  phase  of  stage  illumination 
are  shown  in  fig-.  26  to  29. 
3 
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A  problem  which  confronts  designers  of  dimmers  at  the  present 
time  is  the  transition  from  the  use  of  carbon  lamps  in  footlights 
and  proscenium  lights  and  possibly  in  the  borders  to  the  use  of 
the  highly  developed  and  more  rugged  type  of  the  up-to-date 
tungsten  lamp.  At  least  one  theatre  in  Chicago  is  entirely  equip- 
ped throughout  the  stage  with  tungsten  lamps.  The  peculiar 
sensitiveness  of  the  tungsten  lamp  to  the  steps   in  the  resist- 


Fig.  28.— Typical  hand  operated  dimmer  switchboard  installation. 

ance  of  the  dimmers  has  occasioned  a  serious  investigation  of 
this  problem,  with  a  view  to  obtaining  data  on  the  requirements 
and  the  proper  adjustment  of  steps  and  resistance. 

The  question  of  whether  the  lamps  should  be  dimmed  along 
the  gradient  of  a  straight  line  or  along  some  curvilinear  locus  has 
also  arisen.  In  this  connection  it  is  possible  that  the  most  effec- 
tive gradations  in  the  brightness  of  the  lamps  might  be  secured 
by  adherance  to  a  locus  of  diminution  which  would  take  into 
account  Fechtner's  law  and  other  factors,  physiological  and  psy- 
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etiological,  which  effect  the  relative  efficiency  of  vision  under 
high  and  low  intensities  of  illumination.  In  other  words,  it  must 
be  expected  that  a  step  in  the  dimming,  which  is  comparatively 
unnoticeable  at  normal  or  bright  intensity,  might  he  more  or 
less  so  at  low  intensity,  due  to  the  effect  of  these  laws. 

Still  another  problem  with  which  the  designer  has  to  cope 
is  the  development  of  dimming  equipments  for  use  in  theatres 
supplied  only  with  alternating  current,  and  using  tungsten  lamps. 


Fig.  29.  -Dimmer  at  Forest  Theatre.  Philadelphia. 


<  »ne  general  common  characteristic  between  footlights,  border 
lights  and  proscenium  lights  is  that  they  are  composed  of 
groups  of  red,  white  and  blue  lamps,  which  can  he  utilized 
through  the  dimmers  in  endless  combinations,  to  produce  illu- 
mination of  varying  color  and  intensity.  The  footlights  are 
located  approximately  on  the  stage  floor  level  at  the  front  e 
the  proscenium  lights  behind  the  vertical,  lateral  edges  of  the 
proscenium  arch;  and  the  border  lights  above  the  stage  at  ad- 
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justable  heights  among  the  flies  in  sufficient  numbers  and  lengths 
to  admit  of  the  illumination  of  the  entire  stage  from  the  front  to 
the  rear. 

Illuminometer   readings,   both   in  the   vertical   and  horizontal 
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Fig.  30.— Curve  showing  intensity  of  stage  illumination  produced  by  foot,  border  and 
proscenium  lights,  Pabst  Theatre,  Milwaukee. 


Fig.  31.—  Lens  lamp  showing  proper  position  of  carbons  for  alternating  current  circuit. 

planes  of  illumination,  were  taken  from  the  front  to  the  rear 
along  the  center  line  of  the  Pabst  Theatre  stage,  when  illuminated 
under  normal  operating  conditions,  using  the  "whites"  of  the 
foot,  border  and  proscenium  lights.  These  readings  are  pre- 
sented in  the  form  of  curves  in  fig.  30.  Attention  should  be  di- 
rected to  the  high  intensity  in  the  vertical  plane  at  the  front 
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01  the  stage,  under  the  powerful  influence  of  the  footlights  and 
proscenium  lights.  These  lights,  of  course,  have  less  influence 
on  the  readings  taken  at  the  rear  of  the  stage.  The  horizontal 
intensity  is  comparatively  low  at  the  front  of  the  stage,  but  it 
gradually  increases  as  the  rear  of  the  stage  is  approached,  due 
to  the  superimposition  and  accumulative  effect  of  more  and  mure 
borders,  the  directive  influence  of  the  reflecting  surfaces  of  the 
borders  acting  toward  the  rear,  as  shown  by  the  border  arrange- 
ment in  the  vertical  section  drawing  of  the  Pabst  Theatre,  fig.  15. 


■  2. —  l-'lood  light  unit. 

The  influence  of  the  footlights  on  the  distribution  curve  is, 
of  course,  governed  by  the  shape  and  design  of  the  reflecting 
surface.    The  trough  at  the  Pabst  Theatre  has  perh  than 

a  normal  effect  on  the  rear  half  of  the  staj  ntire 

lamps  and   reflecting  be  below   the 

level  of  the  si  r.  in  order  that  it  may  not  interfere  with 

a  level  stage  effect  when  it  must  large  or- 

tral  concert-,  or  for  lectures.      \  great  deal  can  be  accom- 
plished by  concentratii  illuminating  en(  II  on 
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the  shape  and  surfaces  of  the  footlight  trough,  or  reflector.  Cer- 
tain steps  are  now  being-  taken,  in  fact,  toward  the  develop- 
ment of  new  features  in  connection  with  footlights. 

A  matter  entirely  independent  of  the  fragility  of  the  tungsten 
lamp,  but  effecting  its  use  in  the  foots,  borders  and  proscenia, 
is  the  difference  in  color  and  quality  of  illumination  produced  by 
it,  as  compared  with  the  carbon  lamp  and  the  resultant  dif- 
ference in  appearance  of  the  actor  who  has  made  up  in  the 
dressing  room  by  carbon  lamp  light  and  appears  on  the  stage 
which  is  illuminated  by  tungsten  lamp  light. 

Innumerable  spectacular  and  illumination  effects  can  be  se- 
cured through  the  medium  of  the  various  types  of  lighting  appa- 


F'g-  33- — A  unit  section  of  strip  light. 

ratus,  which  can  be  placed  under  the  general  classification  of 
projectors.  This  class  includes  the  spotlights  or  lens  boxes 
(fig.  31)  which  are  used  on  the  balconies  or  on  the  stage  for 
concentrating  light  of  great  intensity  on  restricted  areas ;  flood 
lights,  or  Olivettes,  (fig.  32)  or  arc  lamp  contrivances  used  on  the 
stage  for  less  intense  illuminations  or  less  restricted  areas;  bunch 
lights,  or  clusters  of  incandescent  lamps  backed  by  reflectors 
with  more  or  less  projecting  and  directive  qualities,  used  on  the 
stage  for  soft  and  more  or  less  localized  illumination ;  strip 
lights,1  (fig.  33)  or  short,  portable  rows  of  incandes- 
cent lamps  used  on  the  stage  for  certain  localized  effects  ;  the 
stereoptican  or  projection  lantern,  which  must  usually  be  provid- 

1  An  interesting  use  of  adjustable  strip  lights  suspended  from  the  flies  and  used  as 
side  lights  is  described  in  an  article  on  "Lighting  of  the  Stage  of  the  Berlin  Grand  Opera 
House".  Illuminating  Engineer.  Oct.,  1911. 
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(.•(I  for  at  a  convenient  point  in  front  of  the  stage,  in  the  audi- 
torium, in  the  balconies  or  galleries,  where  it  can  be  used  for 
illustrated  lectures  or  for  other  purposes,  and  the  moving  picture 
machine,  which  must  be  carefully  provided  for  under  the  very 
rigid  requirements  of  the  National  Board  of  Fire  Underwriters 
and  the  ordinances  of  some  cities,  and  be  useful  for  the  produc- 
tion of  certain  realistic  cloud  and  water  effects  in  grand  opera 
qr  spectacular  drama. 

[lluminometer  readings  wire  taken  at  the  Pabst  Theatre  di- 
rectly in  the  range  of  the  spotlight  operating  from  the  balcony 
about  sixty-four  feet  distant.     There  wire  found  t<>  he  S3. 3  foot- 


Fig-  34   -Lighting  unit   in  dressing-room  of  Majestic  Theatre,  Milwaukee. 


candles  of  illumination  on  the  normal  plane  forty-eight  inches 
above  the  stage  floor.  On  the  same  plane  2.3  foot-candles  were 
obtained  from  this  same  spotlight,  adjusted  for  a  flood-light, 
operating  in  the  same  location  in  the  halcony,  sixty  feet  dis- 
tant. This  is  indicative  of  the  relative  effects  obtained  from  the 
spotlight  and  the  flood-light  anil  of  the  extremely  high  intensity 
and  glare  which  is  utilized  on  the  stage  through  the  medium 
of  the  spotlight.  The  candle-power  of  the  ray  in  the  direction 
normal  to  the  above  plane,  during  the  spotlight  test,  was  equal 
to  3,400. 

Each  of  the  above-mentioned  apparatuses  have  many  interest- 
ing features  in  their  use  and  construction  hut  it  must   -ufhee  in 
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this  paper  to  present  photographs  of  them  with  only  brief  dis- 
cussion of  most  of  them. 

Another  lighting  accessory  utilized  and  used  on  the  stage 
of  vaudeville  theatres,  is  the  program  announcer.  One  of  the 
"announcers"  is  shown  in  fig.  21.  Those  used  in  the  Majestic 
Theatre  of  Milwaukee  are  located  on  both  sides  of  the  proscenium 
arch  and  consist  of  a  box  with  an  art  glass,  translucent,  face  toward 
the  audience,  in  which  a  one  letter  ' 'talking"  sign  is  changed  and 


Sect/on  at  b'3'  /9tvr/  f/e«i/icn 

Fig.  35.— Lighting  unit  for  dressing-room. 

controlled  to  announce  the  items  on  the  program  by  letters,  by 
means  of  an  ingenious  drum  controller  containing  positions  for 
all  letters  and  numerals.  Another  type  of  this  form  illumi- 
nation is  shown  in  fig.  22,  where  lights  behind  trans- 
lucent glass  signs  illuminate  the  entire  name  of  the  item,  or  the 
identifying  letter. 

It  seems  from  an  inspection  of  the  dressing  rooms  of  an  aver- 
age theatre  that  not  all  the  available  ingenuity  has  been  expend- 
ed upon  the  arrangement  of  the  lighting  units  in  these  rooms. 
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The  majority  of  arrangements  are  crude  and  inconvenient  in  all 
or  some  particulars.  Two  of  them  are  shown  in  figs.  34  and  35 
to  indicate  the  trend  of  practise  in  this  direction.  The  arrange- 
ment used  at  the  .Majestic  Theatre,  .Milwaukee,  (fig.  34)  has  a 
portable  box  easel,  holding  the  mirror  at  about  twenty  degrees 
from  the  vertical,  which  allows  adjustment  of  the  mirror  in  var- 
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directions,  except  the  ab  .   which,   it  i 

1,  would  he  advantageous.  The  lighting  units  are,  of 
course,  conveniently  flexible,  but  under  the  conditions  that  they 
are  almost  certain  to  be  used  they  are  sure  to  be  very  objection- 
able from  the  standpoint  of  jLdare. 

An    arrangement    which    combines    maximum    adjustibility   of 
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mirror,  minimum  of  glare,  sufficiency  of  illumination  on  all  parts 
of  the  face  and  neck  and  security  of  the  lamps  from  breakage 
or  loss,  is  shown  in  fig.  35.  All  these  units  may  or  may  not  be 
supplemented  by  general  illumination. 

In  conclusion,  the  authors  wish  to  say  that  they  found  it  quite 
impossible  to  treat  the  theatre  illumination  either  very  completely 
or  exhaustively  in  a  paper  of  this  character.  The  subject  is  too 
broad  to  admit  of  any  but  a  general  discussion.  But  even  as 
such,  the  authors  hope  it  will  elicit,  in  whatever  discussion  it 
may  occasion,  some  valuable  ideas  and  suggestions  on  this  very 
interesting  phase  of  illuminating  engineering. 
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atres ;  to  the  National  X-Ray  Reflector  Company  for  photo- 
graphs of  indirect  illumination  applications  in  Chicago  and 
elsewhere ;  to  the  Cutler-Hammer  Company  and  General  Electric 
Company  for  illustrations  of  dimmers  and  other  stage  appurte- 
nances ;  and  also  to  the  management  of  the  Pabst  Theatre  Com- 
pany, their  architect,  Mr.  Herman  Buemming,  and  their  elec- 
trician, Mr.  Sprenger,  for  their  many  kindnesses  during  the  de- 
sign, installation  and  ,test  of  the  illumination  equipment  of  this 
theatre. 
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NOTE. -These  readings  were  taken  before  changes   had  been   made   in 
auditorium  central  unit. 

DISCUSSION. 

Mr  J  R  Cravath  —As  to  the  question  of  the  relative  effect- 
iveness of  indirect  as  compared  to  direct  lighting,  I  do  not  want 
to  be  quoted  as  saying  Of  giving  b  any  of  my  papers  the  im- 
pression that  at  the  present  time  as  far  as  our  knowledge  goes 
there  is  any  particular  difference  in  the  amount  of  light  required 
for  reading  under  the  two  systems.     The  paper  which   I   read 
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here  at  the  convention  indicated  that  there  is  very  little  differ- 
once,  if  any,  under  ordinary  conditions.  There  was  a  theory 
held  by  some  until  recently  that  there  is  quite  a  difference  in 
favor  of  direct  lighting.  Of  course,  this  question  of  audience 
room  lighting  is  one  that  is  intimately  connected  with  the  bad 
effects  of  what  we  commonly  call  glare.  Now,  I  think  it  is  well 
to  distinguish  between  the  different  effects  of  glare.  I  think  we 
might  divide  the  detrimental  effects  of  glare  and  treat  them  un- 
der two  rather  distinct  heads ;  one  is  the  effect  of  reducing  our 
ability  to  see  clearly,  sometimes  called  depression  of  visual  func- 
tion. That  seems  to  be  something  akin  to  halation  on  the  photo- 
graphic plate.  That  is,  if  we  look,  for  instance,  at  an  object  past 
one  of  these  lamps  here  in  the  line  of  vision  and  we  suddenly 
shade  our  eyes  from  the  light  we  can  see  the  object  more  clearly. 
This  first  effect  I  should  call  physiological,  probably.  Then  there 
is  the  other  effect  which  is  psychological,  and  that  is  when  we 
have  a  bright  light  anywhere  within  our  field  of  vision ;  no  mat- 
ter how  far  it  is  away  from  the  center  of  vision,  the  tendency  is  to 
give  our  attention  to  it.  In  other  words,  it  is  a  distraction  and 
annoyance.  We  may  by  will  power  or  by  effort,  either  consciously 
or  unconsciously,  be  able  to  see  the  past  thing  and  see  as  clearly  as 
we  could  before,  but  it  is  with  an  effort.  I  think  it  is  well  to 
bear  those  distinctions  in  mind. 

Mr.  A.  J.  Sweet'. — I  don't  know  that  I  can  add  very  much  to 
the  discussion  Mr.  Cravath  has  already  put  before  you,  but  I 
should  divide  the  question  a  little  differently  than  he  has  di- 
vided it,  into  two  entirely  separate  phenomena.  One  is  the 
depression  of  visual  function  that  Mr.  Cravath  has  made  very 
clear  and  the  other  is  the  question  of  discomfort.  The  other 
things  are  entirely  independent  at  least  for  all  practical  pur- 
poses. If  there  is  a  relation  between  them  it  is  something  that 
does  not  appreciably  affect  the  practical  questions  involved  in 
design. 

The  question  of  discomfort  is  a  question  of  intrinsic  brilliancy. 
The  presence  of  light  giving  objects  or  light  reflecting  objects  of 
high  intrinsic  brilliancy  though  the  total  amount  of  light  given 
by  them  may  be  small  is  extremely  trying.  It  is  just  like  the 
prick  of  a  pin,  it  is  extremely  uncomfortable. 
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The  depression  of  visual  function  is  a  question  of  the  amount 
of  light  thrown  into  the  eye  at  each  angle  in  the  line  of  vision. 
'■  >f  course,  we  all  realize  that  light  thrown  into  the  eye  directly 
along  the  line  of  vision  reduces  the  greatest  amount  of  halation 
effect  that  Mr.  Cravath  has  spoken  of,  and  within  about  twenty- 
Gve  degrees  of  the  line  of  vision  the  effect  of  the  light  on  the 
<V'pression  of  the  function  of  vision  ceases. 

One  important  point,  of  course,  in  theatre  illumination  is  to 
avoid  the  discomfort  due  to  hright  light  sources.  I  helieve  thos'* 
indirect  installations  that  Mr.  Vaughn  has  presented  so  ably  be- 
fore us  are  practically  ideal  in  this  particular.  I  don't  believe 
that  any  direct  installation  could  be  made  so  comfortable  as  these 
that  have  been  presented.  The  question  of  the  effect  of  the 
depression  of  visual  function,  however,  is  something  that  requires 
further  investigation.  I  should  expect  to  find  quite  a 
large  effect  in  decreasing  visual  function  in  types  of  illumination 
such  as  have  been  considered. 

There  are  certain  features  that  I  believe  could  have  been  em- 
phasized in  this  paper  that  I  don't  want  to  take  your  time  to 
discuss  hut  just  to  mention  two  or  three  of  them.  One  of  the 
noteworthy  features  of  any  indirect  installation  is  the  elimination 
of  marked  shadows.  I  believe  that  when  that  is  done  as  intelli- 
gently as  in  the  cases  set  forth  in  the  paper  that  it  greatly  in- 
creases the  attractiveness  or  personal  appearance  in  gatherings 
under  such  installations.  The  presence  of  sharp  shadows  is  very 
objectionable.  An  important  feature  in  theatre  lighting  is  to 
show  up  everybody  in  their  most  attractive  style,  and  I  believe 
that  that  advantage  can  be  credited  to  this  method  of  illumi- 
nation. 

Mr.  O.  J.  BushncU: — Mr.  Vaughn  referred  to  an  installation 
of  indirect  lighting  with  translucent  reflectors:  T  would  like  to 
ask  him  if  he  considers  this  type  of  fixture  an  improvement  for 
this  style  of  lighting  over  the  opaque  type  of  fixtures  which  are 
in  general  use  to-day  as  evidenced  by  the  illustrations  he  has 
shown:  also  if  he  considers  the  =emi-indirect  fixtures  to  be  as 
well  adapted  to  theatre  illumination  ? 

Mr.  F.  A.  Vaughn : — T  don't  know  that  I  have,  as  yet,  formed 
anv  definite  opinion  on  that  point.     It  is  an  attractive  form  of 
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equipment  for  theatres  it  seems  to  me,  and  I  would  be  very 
glad  indeed  to  see  it  tried  out  and  then  form  a  judgment  of  it. 
It  is  possible  with  this  type  of  unit  to  conceal  the  light  sources 
from  the  direct  vision,  subdue  the  intrinsic  brilliancy  by  the 
diffusing  glassware  and  produce  an  effect  which  is  akin  to  that 
produced  by  the  indirect  fixtures,  overcoming  the  possible  objec- 
tion to  the  opaque  fixtures  by  allowing  some  of  the  light  to 
come  through,  with  resultant  various  artistic  effects  produced  by 
the  light  coming  through.  There  are  some  attractive  features 
about  it,  but  as  to  whether  it  is  an  improvement  over  the  totally 
indirect  for  this  purpose,  or  not,  I  think  perhaps  it  is  too  early 
to  form  an  opinion. 

Mr.  T.  H.  Aldrich : — I  would  also  like  to  ask  what  is  the 
consensus  of  opinion  of  those  who  have  attended  plays  at  the 
Pabst  Theatre  since  the  new  installation  of  indirect  lighting  was 
installed,  as  regards  the  effort  to  see  the  actors  and  stage,  and 
also  if  one  notices  that  there  is  less  eye  fatigue  after  the  show 
is  over,  than  if  some  of  the  direct  lighting  systems  were  in  use? 

Mr.  F.  A.  Vaughn: — As  intimated  in  the  paper  the  installation 
has  only  just  been  completed,  and  we  have  had  no  opportunity 
since  it  was  completed  to  actually  make  visual  acuity  tests,  or 
fatigue  tests,  on  subjects  brought  there  for  that  purpose;  but, 
of  course,  we  have  been  very  much  interested  in  knowing  how 
the  audience  and  the  management  felt  about  it,  and  we  have 
without  exception  received  the  highest  praise  for  the  effect  in 
that  theatre  of  the  indirect  illumination;  that  is,  the  pleasant 
effect,  the  lack  of  fatigue  and  the  visual  comfort  that  is  pro- 
duced by  it.  Simply  from  the  vote  of  the  people  who  have  been 
there  I  would  feel  free  to  answer  that  the  factor  of  fatigue  is 
quite  decidedly  eliminated,  while  under  the  former  installation  it 
was  very  prominent.  I  can  attest  to  that — the  last  part  of  the 
foregoing  statement — because  I  have  been  there  very  many  times 
to  lectures,  concerts  and  grand  operas. 

Mr.  J.  R.  Cravat h : — I  would  like  to  propose  a  modification  of 
Mr.  Sweet's  suggestion  that  annoying  glare  is  dependent  upon 
intrinsic  brilliancy.  I  think  it  is  a  question  of  intrinsic  bril- 
liancy as  compared  to  the  surroundings.  In  other  words,  it  is  not 
the   absolute  intrinsic   brilliancy   but   the   relative   intrinsic   bril- 
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liancy  which  determines  the  annoyances.  We  know  very  well 
that  a  lamp  with  a  certain  intrinsic  brilliancy  under  very  bright 
surroundings  in  daylight  is  hardly  noticeable  where  under  dark 
surroundings  it  might  be  very  annoying.  That  is  something  that 
always  must  be  borne  in  mind  when  we  are  talking  about  annoy- 
ing glare. 

.1/;-.  !■'.  A.  Vaughn: — I  do  not  want  to  take  your  time  to  say 
anything  further  except  tins:  that  we  hope  we  have  impressed 
all  present  with  the  breadth  of  the  subject  and  the  interesting 
points  that  there  are  waiting  for  solution  by  the  illuminating 
engineer.  We  realize,  as  Mr.  Sweet  said,  that  there  are  many 
points  that  could  he.  and  perhaps  ought  to  have  been,  accentuated, 
but  to  do  that,  or  to  accentuate  even  a  portion  of  those  that  de- 
served it,  would  have  taken  more  time  and  space  than  we  are 
entitled  to,  and  we  were  hoping  to  bring  some  of  them  out  in 
discussion.  In  preparing  a  paper  of  this  kind  and  in  doing 
work  along  the  lines  indicated  it  was  soon  evident  that  there 
was  very  little  correlated  information  to  be  secured,  and  it  was 
hoped  that  this  paper  would  attract  the  attention  of  the  illumi- 
nating engineers  to  this  subject  with  the  idea  of  getting  some- 
thing together  on  which  practical  illuminating  engineers  can 
base  future  work. 
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THE  CONSERVATION  OF  VISION.1 


BY  ELEICE  M.  ALGER,   M.  D. 


There  is  a  growing  tendency  in  modern  times  to  consider  the  in- 
dividual a  mere  unit  in  a  great  industrial  organization.  If  he  dies 
in  childhood  he  has  cost  his  parents  and  society  a  definite  average 
sum  which  death  has  deprived  him  of  the  opportunity  to  repay. 
Every  such  death  is  a  total  loss.  If  he  grows  up  his  value  is 
estimated  in  the  same  way.  If  he  creates  more  than  he  consumes 
he  is  an  asset ;  if  he  consumes  more  than  he  creates  he  is  an  actual 
liability,  since  society  no  longer  allows  him  to  perish  miserably 
of  neglect  but  collectively  assumes  the  responsibility  for  his 
support  and  care.  Society  therefore  has  a  direct  interest  in 
the  health  of  each  of  its  units,  because  ill  health  not  only  in- 
creases cost  but  lessens  productivity. 

Furthermore  each  individual  has  a  maximum  amount  of  work 
of  which  he  is  capable  and  to  allow  him  to  do  less  or  to  force 
him  to  do  more  is  economic  waste. 

On  the  basis  of  these  two  ideas,  health  and  efficiency,  there 
is  a  widespread  social  agitation  for  such  various  objects  as  the 
eradication  of  preventable  diseases  like  typhoid  and  tuberculosis, 
the  lessening  of  alcoholism  and  insanity,  the  restriction  of  the 
labor  of  women  and  children,  pure  food,  health  insurance,  and 
the  like. 

There  are  some  eighty  thousand  people  in  the  United  States, 
who,  through  often  unnecessary  blindness,  have  become  social 
liabilities  instead  of  assets  and  it  seems  most  appropriate  that 
there  should  be  a  number  of  societies,  state  and  national,  devoted 
to  the  prevention  of  blindness.  But  from  the  economic  stand- 
point this  is  a  comparatively  small  matter. 

In  the  United  States  there  are  several  million  people  who  are 
not  blind  nor  likely  to  be  blind,  but  who  make  their  living 
chiefly  by  their  eyes  and  who  fail  to  realize  anything  like  their 
full  efficiency  by  reason  of  defects  in  their  eyes  or  in  the  condi- 

1  A  paper  read  before  the  New  York  section  of  the  Illuminating  Engineering  Society, 
December  14,  1911. 
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tions  under  which  they  work.    The  suffering  and  the  economic 
•roin  inefficient  eyes  is  beyond  all  calculation.    To  the  con- 
servation of  vision  in  this  wider  sense  the  attention  of  the  reader 
is  invited. 

The  phrase  "preventable  blindness"  inevitably  brings  to  mind 
ophthalmia  neonatorum,  the  infection  of  the  eyes  of  the  newly 
horn  child,  of  which  so  much  recently  has  been  heard.  In  past 
generations  it  was  a  veritable  scorn  cially  in  the  large  ma- 

ternity hospitals,  in  some  of  which  it  occurred  in  fifteen  per  cent. 
of  the  children  born.  With  the  methods  of  treatment  then  in 
vogue  the  results  were  appalling  and  it  was  estimated  that  every 
second  blind  person  owed  his  misfortune  to  this  cause.  A  little 
over  a  quarter  century  ago  Crede  taught  the  world  that  the  instil- 
lation of  a  drop  of  nitrate  of  silver  solution  into  the  eyes  at  birth 
would  practically  abolish  the  disease.  To-day.  partly  owing  to  the 
widespread  use  of  the  method  he  taught,  and  partly  owing  to  the 
general  improvement  in  midwifery,  the  di-ease  has  become  com- 
paratively a  rare  one  and  many  physicians  of  large  experience  have 
never  seen  a  case.  It  used  to  be  believed  that  ophthalmia  neona- 
torum could  not  occur  except  when  the  mother  had  been  pre- 
viously infected  with  a  venereal  rally  of  course 
through  her  husband's  infidelity  or  premarital  indulgences.  Un- 
fortunately these  ideas  -till  prevail  both  among  physicians  and 
laymen,  and  are  her  lously  cultivated  by  tin 
formed  for  the  restrit  tioh  of  venereal  diseases,  and  for  the  1 
lishmenl  ndard  of  morals  for  men  and  women 
alike.  Many  physicians  therefore  take  no  precautions  at  ail  ex- 
cept in  cases  where  they  have  re                          ct  the  present  or 

To-day,  however,  it  is  known 
that  ophthalmia  can  be  caused  by  any  one  of  half  a  dozen  pus 
.   and   that   in    from  one  half  to   a  third   of  the 
any  antecedent  venereal  infection  at  all.     It 
is  liable  to  occur  in  the  most  virtuous  of  families  and.   for  this 
n,  the  routine  pi  uld  he  taken   even   when  both 

.re  above  suspicion.     So  much  publicity  has  ' 
to  the  other  idea,  however  that  the  laity  consider  almost  any  kind 
of  a  sore  eye  in  a  young  child  as  casting  suspicion  on  parental 
virtue.    The  dangers  of  ophthalmia  have  doubtless  keen  ex... 
4 


I006      TRANSACTIONS  OF  ILLUMINATING  ENGINEERING  SOCIETY 

ated,  but  the  public  agitation  has  done  a  lot  of  good.  At  present 
there  is  an  organized  national  crusade  to  instruct  mothers,  re- 
mind physicians,  and  educate  the  ignorant  and  dirty  midwives 
who  in  our  large  cities  preside  over  more  than  half  the  births. 
It  is  reasonable  to  expect  that  soon  ophthalmia  neonatorum  will 
be  classed  with  hospital  gangrene  and  other  diseases  which  are 
to-day  medical  curiosities.  Meantime,  excepting  foundlings 
and  those  who  are  either  entirely  neglected  or  over-treated,  most 
of  these  babies  come  out  with  perfectly  good  eyes. 

From  the  social  standpoint  trachoma  is  a  much  more  important 
disease  than  ophthalmia  neonatorum.  When  the  soldiers  of  the 
great  Napoleon  found  their  way  back  to  France  after  the  disas- 
trous Egyptian  campaign  they  brought  with  them  an  inflamma- 
tory disease  of  the  eyes  which  in  later  campaigns  they  spread  all 
over  Europe.  Like  most  new  infections  its  virulence  was  great- 
est in  the  beginning,  and  its  contagion  and  its  virulence  were 
markedly  increased  by  the  universal  poverty  and  hygienic  ignor- 
ance of  the  time.  There  were  epidemics  of  trachoma.  One  reads 
of  outbreaks  occurring  on  shipboard  so  severe  that  before  the 
end  of  the  voyage  no  sailor  was  capable  of  duty ;  of  whole  com- 
panies of  soldiers  incapacitated.  The  resulting  amount  of  blind- 
ness and  disability  was  appalling.  In  the  Orient  the  disease  is 
still  so  common  that  unscarred  lids  and  clear  corneas  are  said  to 
be  the  exception  rather  than  the  rule,  but  among  civilized  peo- 
ples, as  the  standards  of  living  and  hygiene  have  improved,  trach- 
oma has  become  notably  less  infectious  and  the  damage  it  does 
to  the  eyes  is  nothing  like  that  of  the  last  century.  Nevertheless, 
though  there  are  other  diseases  more  violent  and  immediately 
dangerous,  there  is  none  which  produces  so  acute  a  discomfort 
for  so  long  a  time ;  there  is  none  which  lasts  so  long,  or  is  ac- 
companied by  so  many  relapses  and  exacerbations,  there  is  none 
which  has  so  many  complications  and  sequelae,  and  none  except 
those  which  result  in  absolute  blindness  that  causes  such  perma- 
nent disability  or  is  so  stubborn  to  treatment.  Trachoma  was  dis- 
covered in  America  almost  as  soon  as  it  was  found  in  Europe. 
It  has  long  been  prevalent  among  the  French  Canadians  of  the 
north  and  the  poor  whites  in  the  river  bottoms  of  the  south,  but 
for  the  most  part  the  comparatively  high  standard  of  living  in 
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this  country  has  prevented  its  becoming  a  national  scourge,  till 
last  wave  of  immigration  from  Europe's  lowest 
social  strata  in  Russia  and  Italy.  All  the  large  cities  in  this  coun- 
try are  full  of  trachoma  in  spite  of  the  fact  that  to-day  every  im- 
migrant who  presents  even  a  suspicion  of  the  disease  is  turned 
back. 

In  spite  of  a  century's  experience  comparatively  little  is  known 
about  it.  Under  certain  conditions  it  is  known  to  be  extremely 
contagious;  but,  so  far,  its  cause  has  eluded  discovery.  There 
are  a  number  of  remedies  and  methods  of  treatment  which  ameli- 
orate the  symptoms  but  it  is  admitted  that  the  resulting  incapaci- 
ty  depends  far  more  on  the  virulence  or  mildness  of  the  infection 
than  on  any  particular  skill  or  lack  of  skill  in  the  treatment. 

Unfortunately,  while  there  is  no  difficulty  at  all  in  recognizing 
the  disease  in  its  latest  stages,  it  is  very  easily  confused  with 
other  affections  in  the  beginning.  The  word  trachoma  means  a 
rough  or  granular  lid  and  it  was  natural  to  assume  that  every 
granular  lid  was  trachomatous,  which  is  very  far  from  being  the 
case.  Some  years  ago  it  was  discovered  that  fully  twenty  per 
cent,  of  the  children  in  our  public  schools  had  granulated  lids  and 
it  was  at  once  assumed  that  this  was  identical  with  the  trachoma 
of  immigrants.  Thousands  of  children  have  lost  countless  hours 
from  school  in  having  treated  eyes  as  nearly  normal  as  those  of 
most  of  this  audience  to-night.  Thousands  more  with  more  mark- 
ed granulations  have  been  operated  upon,  some  of  them  every 
year  for  several  years,  for  a  condition  which  most  authorities  to- 
day are  agreed  is  not  true  trachoma  ;  is  not  certainly  contagious, 
gets  well  almost  of  itself  in  time,  and  occasions  practically  no  dis- 
comfort or  disability  in  the  process.  True  trachoma  is  compara- 
tively rare  among  school  children,  while  among  adults  the  in- 
creasing use  of  soap  and  water  and  the  diminishing  vogue  of  the 
roller  towel  are  rapidly  solving  the  problem  of  its  communica- 
bility. 

r.ut  the  campaign  against  ophthalmia  and  trachoma  has  only 
scratched  the  surface  of  preventable  blindness.  For  everv  one  of 
the  totally  blind  from  these  diseases,  there  are  ten  practically  blind 
from  other  more  or  less  preventable  causes  of  which  society  to- 
dav  takes  absolutely  no  notice.    Many  of  the  common  diseases  of 
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childhood,  notably  measles,  are  attended  or  followed  by  inflam- 
mation of  the  eyes.  The  same  may  be  said  of  tuberculosis, 
syphilis  and  many  other  forms  of  malnutrition  and  disease. 
Such  conditions,  even  if  treated  properly  and  promptly,  frequent- 
ly damage  beyond  repair  one  or  both  eyes;  while,  if  negected, 
they  are  extremely  dangerous. 

Through  parental  ignorance,  or  neglect,  or  physical  inability, 
many  children  are  not  seen  till  too  late;  others  cease  treatment 
before  they  are  well;  others  get  no  care  at  home  from  that  ex- 
cessive love  which  cannot  bear  to  carry  out  any  treatment  which 
causes  pain.  From  all  these  causes  there  is  a  host  of  children 
who,  though  they  seldom  lose  an  eye  entirely,  have  permanent 
scars  that  cannot  be  removed  and  which  make  the  eye  a  more  or 
less  imperfect  visual  organ. 

Such  children  are  thought  stupid,  when  as  a  matter  of  fact, 
they  are  half  blind.  Each  scar  has  the  same  effect  as  a  flaw  in 
a  window  pane.  One  so  small  as  to  be  hardly  noticeable  may 
reduce  the  vision  fifty  per  cent.,  while  there  are  numerous 
children  with  half  a  dozen,  large  and  small,  scattered  over  both 
eyes,  hopelessly  incapacitated  for  life  from  any  calling  which  re- 
quires fair  sight.  They  cannot  learn  readily  in  school,  are  neg- 
lected or  bullied  by  their  teachers,  miss  promotion  after  pro- 
motion, and  finally,  without  education  or  trade,  are  condemned 
for  life  to  the  coarsest  kinds  of  manual  labor. 

Society  must  sooner  or  later  adopt  some  measures  for  the  pre- 
vention and  the  treatment,  compulsory  if  necessary,  of  these 
conditions. 

Then  there  is  also  the  relatively  uncommon,  but  in  the  aggre- 
gate very  numerous,  list  of  lost  or  impaired  eyes  from  pre- 
ventable accidents  at  play  or  at  work.  These  seem  pure  acci- 
dents which  can  neither  be  foreseen  nor  prevented ;  but  most  of 
them  occur  with  a  regularity  which  compels  a  different  con- 
clusion. Every  clinic  in  New  York,  for  instance,  sees  in  the 
course  of  a  year  a  number  of  cases  where  a  young  child,  in  try- 
ing to  disentangle  the  knot  in  a  shoe  string  with  the  sharp  point 
of  an  ice  pick  or  scissors,  has  punctured  and  ruined  an  eye. 
Similar  accidents  occur  from  the  foolish  habit  of  holding  a  loaf  of 
bread  with  one  hand  and  slicing  toward  the  body  or  the  face  with 
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the  i  >ther.    There  is  a  regular  average  number  year 

through  such  a  common  cause  as  being  bit  by  the  popping  cork  in 
opening  bottles  of  soda  water.  A  western  surgeon  recently  was  able 
to  collect  a  long  series  of  cases  in  which  an  eye  was  ruined  by 
having  tbe  firing  pin  or  breach  block  of  a  defective  rifle  or  shot 
gun  blown  back  into  the  marksman's  eye.  There  is  also  a  regular 
p  of  ruined  eyes  after  every  Fourth  of  July  celebration. 
Anyone  who  pays  the  slightest  attention  to  tbe  various  ball 
and  missile  games  of  children,  tbeir  air-guns  and  their  bows  and 
arrows,  can  only  wonder  that  accidents  to  the  eyes  are  as  rela- 
tivelv  uncommon  as  they  are. 

Among  workmen  tbe  daily  total  of  more  or  less  dangerous 
accidents  to  the  eyes  is  something  enormous.  Consider  tbe  men 
employed  in  the  various  grinding  trades  for  instance.  In  working 
over  an  emerv  wheel  tbere  is  a  constant  stream  of  small  par- 
thrown  off  at  great  speed  from  the  wheel  itself  or  from  the  tool 
or  casting.    Various  safeguards  have  been  devised  to  protect  tbe 

e  of  which  are  expensive  for  tbe  manufactu 
and  others  inconvenient  to  tbe  man  at  bis  work:  and  they  are 
seldom  used. 

Tbe  experienced  man  has  learned  to  work  in  such  way  a 
save  bis  eyes  as  much  as  possible,  but  tbe  beginner  is  always  in 
trouble.     When  these  particles  are   small   the; 
fellow  workmen  with  the  corner  of  a  soiled  handkerchief,  the 

end  of  a  chewed  tooth   pick 
knife.     Many  are  more  deeply  embedded,  even  if  they  havi 

clear  through  into  the  eyeball  itself.     Many  :-  trivial 

in  them=Hve<.  are  infected  by  dirty  <hop  manipu1 
suffering,  loss  of  time,  more  or  less  disability 

If     Kverv  one  of  these  emery  particl 
mo^t  superficial,   prod. ice.   a    minute   bul    | 
tbe  cornea,  which,  if  rightly  situated,  inl 
t.     The  author  ha=  <ecn  men  wh< 

Then.  too.  there  are  the 
injuries  dr.  i  ictive  tc 

a  sort  of  fringe  of  metal  d. 
the  impact  of  the  <ledge.  till  finally 
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breaks  off  some  of  these  pieces  which  fly  into  space  with  trc- 
mendrous  velocity  and  very  commonly  pass  clear  through  an 
eye.  A  large  number  of  similar  accidents  occur  throughout  the 
country  from  the  sale  of  cheap  tools,  such  as  hammers,  and 
hatchets,  which  have  been  cast  instead  of  forged.  In  driving 
a  heavy  nail,  a  glancing  blow  has  many  times  broken  a  large  chip 
from  the  head  of  a  hammer,  which  has  penetrated  an  eye. 
Some  of  the  most  brilliant  operations  of  ophthalmology  are 
made  possible  where  these  foreign  bodies  are  magnetic  metals 
and  can  be  extracted  by  the  use  of  a  giant  magnet,  but  one  is 
frequently  allowed  to  lose  sight  of  the  fact  that  whether  the 
operation  be  successful  or  not  the  eye  is  very  seldom  of  any 
great  use  for  visual  purposes. 

When  the  foreign  body  cannot  be  removed  by  the  magnet,  as 
for  instance  a  bit  of  brass  or  stone,  the  eye  is  almost  invariably 
lost  with  additional  and  very  real  danger  of  sympathetic  inflam- 
mation of  its  fellow  unless  the  injured  eye  is  removed.  This 
danger  of  sympathetic  inflammation  hangs  over  the  workman 
like  the  sword  of  Damocles,  if  he  did  but  know  it,  instances  of 
its  development  twenty  years  after  the  original  injury  being  on 
record.  But  it  is  hard  to  make  him  realize  that  an  eye  which 
has  quieted  down  can  possibly  be  a  source  of  any  danger. 

There  are  many  other  trades,  each  of  which  has  its  own  pe- 
culiar accidents  to  the  eyes,  like  the  lime  burns  of  the  plasterer 
and  the  mason,  and  the  solder  burn  of  the  plumber  and  the  tin- 
smith. There  are  also  many  trades  in  which,  though  free  from 
accident,  the  workman  loses  his  sight  through  trade  poisoning  of 
one  sort  or  another,  and  the  number  of  these  is  constantly  in- 
creasing as  our  manufacturing  processes  become  more  compli- 
cated. 

It  has  been  known  for  generations  that  in  some  individuals  the 
excessive  use  of  alcohol  and  tobacco,  separately  but  more  often 
together,  produces  an  amblyopia  or  blindness.  The  oculist  has 
lo  keep  this  fact  constantly  before  him  in  the  examination  of 
many  people  who  are  at  first  sight  neither  drinkers  nor  smokers. 
In  may  affect  alike  the  ignorant  worker  in  a  badly  ventilated 
cigar  factory  or  the  cutivated  lady  who  inhales  her  cigarettes. 
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Fortunately  it  its  cause  is  discovered  it  is  generally  vn\  amenable 
to  treatment. 

But  there  is  a  new  and  much  more  serious  danger  to  which 
the  people  of  this  country  particularly  are  all  more  or  less  ex- 
posed.    Owing  to  the  high  revenue  duty  on  grain  alcohol,  it  has 
become   extremely   profitable    to    manufacture   methyl 
alcohol,   which   though   actually   costing  more  to  make,   can    he 
void  much  cheaper  than  the  grain  variety  and  has  displaced  it  in 
many  of  the  arts.     It  was  not  intended   for  internal  use  at  all 
hut    has    been    consumed    by    the    ignorant    and    benighted    as 
furnishing  a  cheap  and  very  potent  source  of  intoxication.    Such 
sprees  often  end   in  death  and  more  often  in  a  specific  type  of 
blindness.      Since   attention   has   been    directed   to   this    sul 
it  has  been   found  that  in   susceptible  individuals   a  very  small 
dose  of  wood  alcohol   will  produce  total  and   permanent   blind- 
To  this  cause  may  be  traced   a   good   man  \  liich 
were   before   mysterious.      For   instance,   a   little   German   tailor 
started  for  work  one  morning,  and  not  feeling  very  fit, 
at  a  cheap  saloon  on  the  way  and  took  one  single  drink  of  spirit. 
Before  noon,  he  had  to  leave  work  and  the  next  day,  when  the 
writer  saw  him,  he  could  barely  discern  the  pr                f  a  hand 
waved  in  front  of  his  face.  He  became  totally  blind  fn  >m  that  one 
drinl                rt  of  epidemic  of  blindness  and  death  on  the  wesl 
side  of  Xew  York  was  traced  to  the  parsimony  of  an  ignorant 
^aloon  keeper  who  manufactured  his  drinks  with   wood  al 
because  it  was   cheap.      Neither  is  this  a  danger   for  the 
alone,  for  wood  alcohol  was  formerly  used  in  extr 
and  patent  medicines,  by  manufacturers  wh  -rant 
of  the  dangers,  or  thought  it  harmless  in  small 
drops  has  produced  blindness  in  an  individual  who  |                 neri- 
mentally   in    a    spirit   of   bravado.      Furthi  arc 
accumulating1  where  the  same  results  ' 
substitute  for  grain  alcohol  in  bathing  and  rubbing 
inhalation  of  the  vapor.    But  even                                             ell  it 

xternal  use  and  many  physicians  are  unaware  of  il 
when  !.     Only  recently  in  tl 

I    of    adulterating    his    drinks    with    w 
off  with   a   small   fine   by  the   court,   while   a   man 
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stealing  milk  from  the  porch  of  a  prominent  politician,  went  to 
the  island. 

Apparently  there  is  no  legitimate  excuse  for  the  manufacture 
of  wood  alcohol,  especially  since  denatured  grain  alcohol  for  use 
in  the  arts  can  now  be  obtained  tax  free.  But  there  is  a  good 
deal  of  capital  engaged  in  its  manufacture. 

There  are  many  other  dangers  to  sight  which  confront  those 
employed  in  various  trades,  and  this  list  is  rapidly  extending. 
Workers  in  lead,  arsenic  and  rubber  become  poisoned  and  lose 
their  sight.  Even  medicines  are  not  always  the  innocuous 
things  they  seem.  Blindness  has  often  followed  the  injudicious 
use  of  such  common  drugs  as  quinine  and  salicylate  of  soda, 
while  we  are  just  beginning  to  realize  the  dangers  of  some  of  the 
new  arsenical  compounds,  which  are  now  so  fashionable.  A-  long 
list  of  cases  of  permanent  blindness  from  their  use  has  gradually 
accumulated  in  medical  literature. 

The  disabilities  from  all  the  aforementioned  causes,  from  ac- 
cident, from  disease,  from  occupation,  not  only  cause  suffering 
to  the  individuals  involved,  but  they  impose  in  the  aggregate  an 
enormous  economic  burden  on  the  community  in  which  they  hap- 
pen. But  they  are  after  all,  from  the  economic  standpoint,  but  a 
mere  drop  in  the  bucket  as  compared  with  the  loss  to  the  com- 
munity through  the  multitudes  of  people  who  fail  to  realize  any- 
thing like  their  full  efficiency  because  of  the  functional  eye  de- 
fects which  are  called  errors  of  refraction. 

It  has  been  often  said  that  the  human  eye  is  but  an  expanded 
portion  of  the  brain,  but  one  seldom  stops  to  think  how  compli- 
cated a  function  vision  really  is.  Not  only  must  the  retina  of 
each  eye  be  exquisitely  sensitive  to  light,  but  the  refractive  media 
must  be  capable  of  instantaneous  adjustment ;  so  that  a  clear  image 
may  be  formed  on  that  retina,  whether  its  object  be  far  or  near. 
Furthermore  that  perfect  image  must  be  formed  on  one  particu- 
lar spot  in  each  retina,  and  the  brain  behind  must  combine  the 
two  sensations  in  order  to  form  the  visual  judgments  which  are 
called  seeing.  Distinct  single  vision  requires  a  complete  coordi- 
nation of  the  two  eyes,  which  is  accomplished  by  the  joint  action 
of  fourteen  separate  muscles.  So  necessary  is  the  function  of 
vision  that  four  of  the  twelve  great  cranial  nerves  are  devoted  to 
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it  exclusively,  and  it  is  so  complicated  that  the  slightest  abnor- 
mality of  nerve  or  muscle  either  throws  the  entire   visual   ma- 
chinery out  of  gear,  or  makes  the  task  of  coordination  more  dif- 
ficult.    When  one  stops  to  think  that  most  people  use  their 
almost  constantly  and  that  many  tasks  involve  a  continuous  strain 
for  hours  at  a  time,  one  begins  to  understand  why  vision  n< 
tates  expenditures  of  nerve  and  muscle  energy  beyond  any  other 
function.     And  when  one   further  considers  the  large 
brain  devoted  to  vision,  and  the  very  close  relationship  anatomi- 
cally between  the  visual  centers  and  other  centers,  it  need   not 
seem  strange  that  what  is  rather  loosely  termed  eyestrain  may 
exercise  a  profound  and  varied  influence  on  those  other  func- 
tions. 

A  patient  is  said  to  suffer  from    eyestrain    when    his 
are  compelled  to  do  work  which  is  beyond  their  physiological  ca- 
pacity.    Unfortunately  there  are  no  exact  standards  for  measur- 
ing this  capacity;  there  is  only  a  standard  of  avei  It   is 
known,  for  instance,  that  the  average  patient  can  read  lettei 
a  given  size  at  a  given  distance ;  but  there  are  many  whose  acute- 
ness  of  vision  is  far  beyond  the  average.     In  the  same  way.  there 
is  an  average  ability  to  focus  near  objects  which 
youth  and  diminishes  regularly  with  age,  but  this  power  \ 
rmously  even  in  individuals  of  the  same  ag 

But  to  measure  the  equally  important  elemeir 
still  more  difficult.     Just  as  the    strongest    man   i-  the 

most  enduring,  so  the  optically  per 
capable  of  enduring  continuous  hard  w 

ft  i  t  though  often  forgotten  | 

in  exercised  well  within  it<;  limits  I 
and  facility,  while  if  overwoW 
do  any  work  at  all.     If  a  man  habitually  u 

3  he  decomposes  his  visual  purpl. 
generated.     If  he  uses  his  cilia 

in  to  break  down  und 
1  even  by  very  short 

It  is  therefore  perfectly 
by  overuse.  esp<  ciall 
red  health,  but  the  chief 
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the  abnormal  eye  to  compensate  for  its  own  optical  defects.  The 
normal  eye  sees  distant  objects  distinctly  without  any  necessity  of 
focusing  and  has  to  accommodate  only  for  close  work.  But  the 
eye  which  is  far-sighted  or  astigmatic  has  to  accommodate  even 
for  distant  objects  and  has  correspondingly  less  power  available 
for  close  work.  But  accommodation  is  a  muscular  effort,  just 
as  much  as  running  or  lifting,  and  produces  a  normal  fatigue. 
The  individual  who  by  reason  of  a  refractive  error  has  to  accom- 
modate too  much  must  accordingly  become  tired  sooner  than  he 
otherwise  would. 

Within  the  narrow  limits  of  a  paper  like  the  present  one  it  is  not 
possible  to  more  than  allude  to  the  multitude  of  symptoms  which 
may  result,  in  susceptible  individuals,  from  eyestrain.  They  are 
of  more  interest  to  the  physician  than  to  the  layman,  since  they 
include,  in  addition  to  disturbances  of  vision,  the  majority  of 
chronic  headaches,  many  functional  disturbances  of  distant  or- 
gans, and  many  conditions  of  nervous  and  muscular  exhaustion. 
To  the  layman  the  social  and  economic  sides  of  the  question  are 
far  more  interesting. 

Most  people  have  their  work  so  arranged  that  it  is  not  neces- 
sary for  them  to  realize  their  full  efficiency  and  when  they  are 
tired  they  rest  or  change  their  work,  but  among  people  who  have 
to  earn  their  living  by  the  continuous  use  of  their  eyes  for  close 
work  these  errors  of  refraction  are  a  tremendous  handicap.  A 
prominent  lawyer  once  told  the  present  author  that  for  years  he 
had  lost  at  least  one  day  a  week  from  his  office  by  reason  of  the 
sick  headaches  caused  by  his  astigmatism.  It  was  easy  to  esti- 
mate the  cost  of  his  astigmatism  to  him.  But  if  he"  had  worked 
for  some  one  else  instead  of  for  himself  he  could  probably  not 
have  kept  his  position  at  all. 

These  refractive  errors  are  practically  all  congenital  defects 
of  development.  The  far-sighted  eye,  for  instance,  is  too  short; 
the  myopic  or  near-sighted  too  long,  and  the  astigmatic  more  or 
less  egg-shaped  instead  of  round.  But  while  in  the  well-to-do 
classes  these  errors  are  common  enough,  they  are  often  slight 
and  easily  compensated  for.  But  among  the  tenement-house  pop- 
ulation, badly  housed,  ill  fed  for  generations,  diseased,  these  de- 
velopmental errors  are  not  only  practically  universal  but  often 
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so  great  that  they  cannot  he  compensated  i'"i"  I  mount  of 

strain.     Many  of  the  occupations  of  the  poor,  t  pel  a  con- 

tinuous close  use  of  the  eyes,  far  beyond  that  of  the  lawyer  in  the 
case  just  cited.     Among  the  east  side  operative,   for  insta 
thousands  and  thousands  of  men  and  women  spend  their  lives 
making  the  fractional  part  of  a  coat  or  a  shirt  waist;  and  work- 
in  artificial  flowers  and  willow  plumes  lalx>r  under  similarly 
trying  conditions.     They   all   suffer   from   errors  of    refraction, 
large  or  small.    They  all  have  less  than  the  normal  com] 
power  because  their  muscles  are  overworked  and  badly  fed.  They 
work  in  close,  badly  ventilated,  badly  lighted  work  rooms,  driven 
to  the  utmost  by  the  piece  system  and  the  uncertainty  of  work. 
After  a  few  hours  their  eyes  get  tired,  but  they  cannot  stop  or 
change  their  work.     Presently  the  daily  headache  begins  and,  a 
little  later,  the  tired  attention  begins  to  flag;  they  begin  to  make, 
mistakes  in  their  work  and  for  every  mistake  there  is  a  regular 
tariff  of  fines  and  deductions.     Some  of  them  cannot  hold  any 
place  long,  they  spoil  so  much  work.     Others  are  fined  so  much 
for  mistakes   that   their   weekly   wage    is   a   mere   pittance,    not 
enough  by  itself  to  support  life.     Xot  only  is  their  financial 
sition  a  pitiable  one,  it  is  practicallv  a  hopeless  one.     They  k 
how  to  do  nothing  else.    They  often  know  no  English,  they  have 
no  friends,  their  acquaintances  are  all  competitor-.     Each  night 
sees  them  utterly  fagged  out  with  no  appetite  for  normal  ai 
ment  and  each  morning  sees  them  back  at  the 
mill.    They  all  have  headaches,  which  they  con 
part  a  regular  inevitable  part  of  the  life  they  [tzd.    Life  i"V  them 
is  one  continuous  round  of  <1 
paid  and  without  future.     Many  of  them  ai 
of  headache  powders.     Here  may 

Jew  who  came  under  the  writer'  ation.  His  skin   w 

ghastly  indigo  blue  in  color.     Inv 
two  years  he  had  consumed  daily  more  than  a 
tablets,  so  that  he  could  do  his  day's  work  and 
due  to  the  resultant  deterioration  of  his  bl  •  •■!      The  mei 
naturally  to  alcohol  which  braces  them  up 
their  headaches,  and  makes  them  forget  th< 
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are  in  a  state  of  constant  hopelessness  and  misery,  the  only  ave- 
nue of  assistance  or  escape  being  a  man — or  men. 

The  moral  and  spiritual  results  of  inefficient  eyes  are  seldom 
thought  about ;  but  they  nevertheless  exist.  They  account  for  the 
backward  school  children,  who  learn  badly  or  not  at  all,  who  have 
the  reputation  of  being  stupid  and  obstinate;  qualities  which  all 
disappear  under  the  stimulus  of  a  little  sympathy  and  care. 
When  they  cannot  earn  a  living  in  legitimate  ways  in  later  life, 
many  of  them  earn  it  by  their  wits  at  the  expense  of  society.  It 
has  been  proved  over  and  over  again  that  the  inmates  of  institu- 
tions and  reformatories  present  a  tremendous  number  who  are 
not  half  so  defective  mentally  and  morally  as  they  are  visually. 
The  combination  of  physical  misery  and  low  wages  imposed  by 
bad  eyes,  undoubtedly  predisposes  the  man  to  alcoholism,  dishon- 
esty and  crime  and  makes  a  life  of  prostitution  seem  easy  and 
attractive  to  the  girls. 

This  situation  is  a  tremendous  social  tragedy,  both  from  the  in- 
dividual and  the  community  point  of  view,  and  all  the  worse  be- 
cause most  of  it  is  entirely  unnecessary.  There  are,  of  course, 
many  people  who  under  the  best  of  conditions  cannot  earn  their 
living  with  their  eyes,  just  as  there  are  lots  of  perfectly  healthy 
men  who  could,  not  make  a  success  as  longshoremen,  but  the 
great  majority  of  these  people  with  proper  glasses  can  do  their 
work  with  only  normal  fatigue  and  do  it  with  great  increase  in 
both  quality  and  quantity.  When  evening  comes  they  have  vi- 
tality enough  left  to  learn  or  enjoy,  and  their  perspective  on  life 
itself  is  more  nearly  normal.  But  the  majority  of  them  do  not 
know  even  what  their  trouble  is.  They  often  think  that  they  can 
see  perfectly  well  and  suppose  that  they  have  as  good  eyes  as 
anybody  in  the  world.  Many  of  them  are  sure  that  their  troubles 
come  from  other  causes  (as,  of  course,  they  sometimes  do)  and 
take  medicine  year  in  and  year  out  for  supposed  disorders  of  the 
stomach,  intestines  or  nervous  systems. 

One  cannot  fail  to  be  impressed  by  the  fact  that  the  average 
person  whether  layman  or  physician  has  only  the  haziest  idea  as 
to  what  constitutes  proper  care  and  use  of  his  eyes. 

People  must  be  taught  not  only  the  amount  of  work  they  can 
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cio  without  overstrain,  but  the  intervals  at  which  a  short  rest  will 
increase  their  real  efficiency.     They  must  learn  somethii 
about  the  conditions  under  which  they  can 
age.     Proper  artificial  lighting,  for  instant 
ant     The  general  impression  seems  to  be  that  thai 
lighted   which   is  most  lighted,  and  that   lighting   like   banking 
should  be  centralized  as  much  as  possible.     Thi 
take.     Too  intense  a  light  decomposes  the  visual  purple  in  the 
retina  faster  than  it  can  be  replaced  and 
retinal  exhaustion.     Likewise  it  compels  a  constant  1 
cular  contraction  of  the  pupil  in  the  effort  to  exclude  the  light, 
which  is  both  fatiguing  and  painful.    Y  ur  buildii 

public  and  private,  are  glaring  examples  of  extravagant  and  inef- 
ficient lighting,  extravagant  because  of  the  wasti  .  and  in- 
efficient because  they  are  not  comfortable  even  to  sit  in.  The 
problem  of  lighting  the  factory  or  the  school  room  where  the 
eyes  are  to  be  used  for  continuous  close  work  is  still  m 
plicated.  Xot  only  is  the  amount  of  light  to  be  careful! 
ered,  but  it  must  be  correctly  arranged.    It  is  e 

e  the  details  so  that  one  workman  or  student  -hall  have  suf- 
ficient light  without  any  of  it  either  shining  directly  int 
or  being  reflected  into  them,  but  every  additional  worker  1 
the  problem  more  difficult.     With  the  many  modern  mi 
commercial  lighting  by  gas  and  electricity  the  comp  light 

.ell  as  its  intensity  has  become  important.     In  the 
f<  re  fathers  with  their  candle-light  and  student  lamps  the  | 
lem  was  simply  one  of  quantity,  the  quality  I 
and  pleasant.     But  our  modern  lights  whether  [ 
often  so  intense  as  to  be  extreme!  ntain 

many  more  of  the  violet  and  ultr 
which  are  useful  to  us  in  the  so-called  light  thi 
ography  but  are  certainly  unsuitable   for  illui 
There  seems  to  be  no  question  that  lights 
volume,  capable  of  tanning 
sponsible  for  a  large  part  of  the 
lent  to-day.     Furthermore  th< 
of  the  eye  are  suspected  of  b<  ii 
tive  media  of  the  eyes  ui  the 
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ultra-violet  rays,  so  that  the  retina  suffers  little  harm;  but  it  is 
quite  possible  that  this  continued  process  of  absorption  may  re- 
sult in  those  little  understood  changes  in  the  lens  which  are  called 
cateract.  It  is  a  certainty  that  stokers,  glassblowers,  and  the  like, 
who  are  continually  exposed  to  very  intense  light  and  heat  have 
an  enormously  increased  liability  to  cateract. 

There  seems  to  be  no  question  that  illumination  made  up  chief- 
ly of  the  red  and  yellow  rays  of  the  spectrum  is  the  best  for  vis- 
ual purposes  and  the  problem  of  securing  a  light  which  shall  al- 
low the  maximum  of  efficiency  and  comfort  and  convenience  is 
one  for  the  illuminating  engineer  rather  than  the  physician.  But 
it  cannot  be  too  strongly  emphasized  that  this  is  no  mere  aca- 
demic question  but  that  its  solution  means  not  only  comfort  but 
dollars  and  cents  to  every  one  who  works  by  artificial  light  or 
has  others  working  for  him. 

People  must  be  made  to  realize  that  eyes  are  not  mere  optical 
adjuncts,  but  integral  parts  of  the  body;  that  the  eyes  affect  the 
functioning  of  other  organs  and  are  in  turn  affected  by  them; 
that  insufficient  eyes  are  the  cause  of  the  great  majority  of 
chronic  headaches,  of  some  indigestion,  of  many  conditions  of 
depression  and  fatigue.  But  these  conditions  are  merely  symp- 
toms which  may  proceed  as  well  from  numerous  bodily  dis- 
eases. In  other  words  that  examination  of  the  eyes  is  as  much 
a  part  of  medicine  as  examination  of  the  heart  and  lungs. 
People  must  be  taught  that  the  fitting  of  glasses,  if  it  is  to  be 
done  thoroughly  and  properly,  is  likewise  a  medical  matter 
and  that  for  people  who  have  to  make  their  living  by  the  use 
of  their  eyes  regular  periodical  examinations  may  vastly  increase 
their  efficiency  and  comfort.  There  are  in  my  judgment  few 
greater  social  needs  to-day  than  the  development  of  some  system 
by  which  the  great  mass  of  the  people  can  get  a  good  eye  service 
at  prices  they  can  afford. 

Our  forefathers,  when  they  approached  the  age  of  fifty,  and 
felt  that  the  inevitable  would  no  longer  be  postponed,  went  to  a 
jewelry  shop  and  selected  their  own  glasses,  partly  because  in 
many  cases  of  simple  old  sight  this  was  a  very  satisfactory 
method,  but  chiefly  because  there  was  no  other  way.  A  little 
later  a   few  physicians  took  up  the  specialty  of  ophthalmology, 
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and  in  the  intervals  between  operating  and  treating  diseased 
they  did  a  good  deal  of  refraction  work.     Examinations  by  men 

je  time  was  in  such  constant  demand  was  e  .  and  the 

great  majority  of  patients  felt  that  they  personally  neithei 
quired  such  expert  help  nor  could  afford  such  ft. 
of  absolute  necessity.     More  and  more  they  asked  the  advii 
the  optician  who  ground  the  glasses  and  who  was  glad  to  give 
gratuitous  advice. 

The  situation  is  not  so  very  different  to-day.    Thei  mall 

class  of  expert  oculists  whose  fees  are  large  and  a  larger  class 
of  pseudo-experts  charging  expert  fees;  but  the  great  mass  of 
the  people,  whether  from  inclination  or  necessity,  still  consider  the 
jeweller  or  the  optician  their  adviser.  The  optician,  however,  is 
not  a  professional  man.  He  is  primarily  a  salesman  of  optical  goods, 
whose  success  is  made  in  direct  proportion  to  his  knowledge  of  hu- 
man nature.  Beyond  that  he  often  has  only  the  most  rudimentary 
knowledge  of  his  business.  Furthermore,  the  margin  of  profit 
is  so  enormous  and  the  opportunity  for  fraud  has  rendered  the 
field  so  attractive  to  the  unscrupulous  that  the  opticians  them- 
selves in  many  states,  including  Xew  York,  have  recognized  the 
necessity  of  having  laws  passed  setting  standards  of  char 
and  knowledge. 

Hut     the     licensing     of     the     refracting    optician     was     not 
an   unmixed   evil.      Whether  good  or    bad,    the    medical 

ion    was    certainly    responsible     for     it    in    th  that 

it  was  not  prepared    then,    any    more    than    it    is    to-day,    to 
afford  a  good  eye  service  except  to  the  well-to-do.    I. a  v. 
kind  were  certainly  necessary  to  protect  not  only  the  ignoranl 
but  the  ignorant  rich.    Unfortunately  such  law  t  the  public 

only  secondarily.    Our  present  laws  prescribing  examu 
will  in  the  course  of  a  generation 
that  a  state  license  will  have  a  real,  if  limil  r  the 

sent  at  least,  it  generally  mean-  no  more  than  thai 
has  been  able  to  find  reputable  citizen-  willing 
ha.  a  good  moral  character  and  v» 

iness  of   selling  glasses  at  the  time  the  law  The 

law  was  purposely  constr  mpt  him 

kind. 
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There  are  doubtless  exceptions,  but  for  the  most  part  the 
optician  has  had  no  training  in  the  physiology  or  pathology  of 
the  eye,  to  say  nothing  of  those  of  the  human  being  behind  the 
eye.  He  often  has  only  the  most  rudimentary  knowledge  of  the 
optical  part.  There  are  many  eyes  which  cannot  be  measured 
successfully  without  the  use  of  drugs,  which  the  law  especially 
forbids  him  to  employ,  and  the  glasses  he  dispenses  very  often 
aggravate  the  conditions  they  were  intended  to  relieve.  Natu- 
rally too,  he  generally  overlooks  all  but  the  most  glaring  organic 
diseases  of  the  eye  itself,  as  well  as  the  indications  in  the  eye  of 
organic  diseases  of  other  parts  of  the  body.  More  than  that,  he  has 
more  than  once  been  known  to  advise  patients  with  serious  ocular 
diseases  not  to  consult  a  physician. 

The  vogue  of  the  refracting  optician,  like  that  of  the  vender  of 
patent  medicines,  depends  chiefly  on  a  complete  ignorance,  both 
lay  and  medical,  of  the  intrinsic  value  of  the  goods  he  sells.  The 
old  time  optician  ground  his  own  lenses.  His  modern  successor 
may  have  his  factory  on  the  premises  but  he  buys  his  lenses  from 
the  wholesaler,  at  a  few  cents  apiece,  and  all  the  grinding  he 
does  is  that  necessary  to  mount  them  in  their  frames.  Often  he 
could  no  more  make  a  pair  of  glasses  than  the  seller  of  ready 
made  clothing  could  make  a  suit  of  clothes.  But  the  patient  who 
is  persuaded  that  gold  is  more  becoming  than  steel,  and  solid  gold 
a  better  investment  than  filled,  and  that  the  optician  has  invented 
the  only  really  scientific  clip,  is  yielding  a  clear  profit  of  sev- 
eral hundred  per  cent.  Rich  and  poor  alike  often  pay  more  for 
the  simplest  kind  of  glasses  than  the  average  oculist's  fee  and 
the  glasses  together  should  cost. 

The  cure  for  this  sort  of  thing  is  education.  The  public  is  al- 
ready beginning  to  realize  that  glasses  like  most  machine  made 
products  are  really  very  inexpensive  and  that  their  apparent  cost 
is  in  effect  an  examination  fee.  Competition  is  already  at  work. 
Some  opticians  are  selling  glasses  on  a  business  basis  and  refuse 
to  examine  eyes  because,  at  the  prices  they  charge,  it  does  not 
pay.  Others  are  beginning  to  charge  a  fee  for  the  examination, 
just  as  a  physician  would  do,  and  not  infrequently  try  to  give 
customers  the  impression  that  they  are  physicians  by  virtue  of 
their  "Doctor  of  Optometry." 
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But  one  thing  is  certain.  The  general  public  must  have  event- 
ually a  service  which  it  can  afford  and  which  it  can  trust,  and 
one  of  two  things  must  happen.  Either  the  general  practiti 
must  take  up  simple  refraction  or  some  means  of  educat- 
ing the  younger  generation  of  refracting  optician-  1>\  a  semi- 
medical  training,  like  that  of  the  modern  dentist,  must  be  de- 
vised 

The  question  of  the  charitable  treatment  of  the  indigent  and 
the  improvident,  or  of  the  hordes  of  children  in  cur  public 
schools  whose  examination  is  an  admitted  public  necessity  to- 
day  can  only  be  alluded  to  in  this  paper.  The  medi- 
cal profession  which  has.  for  generations  carried  this  burden  of 
medical  charity,  not  always  without  complaint,  is  certainly  grow- 
ing restive  under  a  social  system  which  causes  a  constant  in- 
crease in  its  gratuitous  work  and  as  steady  a  diminution  in  its 
average  income.  The  physician  is  always  ready  to  respond  to 
the  call  of  suffering,  but  it  is  an  open  question  how  far  it  is  his 
duty  to  give,  gratuitously,  services  which  are  intended  solely  to 
increase  efficiency  or  earning  capacity.  Particularly  is  this  true 
of  the  children  in  our  public  schools.  It  is  neither  right  nor  for 
the  best  interest  of  the  children  themselves  that  a  small  class  of 
specialists  should  be  saddled  with  the  entire  burden  of  their  gra- 
tuitous treatment. 

Our  system  of  school  inspection  was  established  with  the  idea 
of  detecting  in  their  beginning  the  various  contagious  diseases  of 
children,  before  they  have  a  chance  to  spread.    Naturally  ei 
this  was  the  function  of  the  health  department,  which  sell 
for  its  inspectors  young  physicians,  who  were  familiar  with  diph- 
theria, scarlet  fever  and  the  like.    Later  on  they  began  ' 
tention  to  many  other  forms  of  disease  with  which  they 
not  by  any  means  so  familiar.     Then,  too,  the  actual 
work  has  more  and  more  fallen  into  the 
nurse  and  the  number  of  physicians 

When  the  nurse  finds  some  abnormal)  :"  the 

eyes,  or  the  throat,  instead  of  being  able  I 
with  some  certainty,  she  refers  the  child  to  the  family 

ore  often  to  some  neighboring 
ries  are  swamped  with  children 
5 
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come  generally  without  their  parents,  and  for  the  most  part 
without  any  definite  idea  of  why  they  do  come.  A  multitude  of 
these  children  lose  time  from  school  for  troubles  of  the  most 
trivial  sort,  and  a  multitude  more  have  more  or  less  serious 
trouble  with  so  many  different  organs  that  they  could  easily 
spend  their  entire  day  going  from  one  department  of  a  dis- 
pensary to  another.  They  must  see  a  different  physician  for 
their  eyes,  their  teeth,  their  throats,  their  glands,  to  say  nothing 
of  their  more  vital  organs.  Each  department  looks  after  a 
fraction  of  a  child,  and  no  one  knows  what  the  rest  are  doing, 
whether  the  child  improves  or  get  worse,  whether  it  gets  any  care 
at  home,  or  even  uses  the  medicines  that  are  provided.  The 
whole  idea  is  wrong.  What  is  really  needed  is  a  system  of 
inspection  whose  justification  shall  be  not  the  number  of 
children  excluded  from  school,  but  the  number  kept  in. 

Whether  education  be  considered  as  a  preparation  for  life  or 
as  an  end  in  itself  it  must  first  of  all  be  suited  to  the  physical 
and  mental  capacity  of  the  child.  There  are  some  children 
with  eyes  so  hopelessly  bad  that  to  educate  them  like 
other  children  is  not  only  a  hardship  to  teacher  and 
child,  but  an  absolute  waste  of  public  funds.  There 
are  others  whose  eyes  are  likely  to  be  seriously  damaged 
by  the  very  process  of  education.  There  are  many  others  who, 
with  appropriate  treatment  of  their  eyes,  become  for  the  first 
time  capable  of  doing  justice  to  themselves  or  their  teachers. 
The  same  reasoning  applies  to  other  organs.  Every  child  in  a 
public  school  should  be  examined  thoroughly,  on  entrance,  by 
some  one  not  only  competent  to  discover  ordinary  defects,  but 
responsible,  so  far  as  possible,  for  their  correction.  And  the 
physical  record  of  that  child  should  go  with  him  from  grade  to 
grade  just  as  does  the  record  of  his  scholarship.  It  seems  ridic- 
ulous that  there  should  be  a  staff  of  men  and  women  who  devote 
their  entire  time  to  what  might  be  termed  the  gymnastic  edu- 
cation and  physical  development  of  the  child,  while  the  functions 
on  which  scholastic  success  or  failure  chiefly  depend  are  referred 
to  outsiders  who  have  only  too  often  neither  responsibility  nor 
skill  nor  interest.  There  is  a  crying  need  for  men  and  women 
capable  of  examining  school  children  and  there  are,  at  present, 
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few  to  supply  the  demand.  Perhaps  no  other  medical  work  re- 
quires more  skill,  tact  and  common  sense.  It  is  a  \  in 
itself,  combining  portions  of  several  of  the  ordinal  ilties, 
and  will  require  a  special  training.  It  is  work  worthy  to  be 
chosen  as  a  life  work  and  not  a  mere  pot  boiler  till  something 
better  turns  up.  It  will  not  be  properly  done  till  every  school 
numbers  among  its  teachers  a  physician  trained  and  pai 
do  this  work  and  not  allowed  to  do  anything  else. 

For  a  long  time  there  have  been  institutions  both  public  and 
private  for  the  care  of  the  blind.  More  recently  institutions  like 
the  New  York  Association  for  the  Blind,  which  promises  to  be 
the  parent  of  many  state  associations,  has  begun  perhaps  the  first 
intelligent  effort  to  put  the  blind  in  the  way  of  caring  for  them- 
selves and  securing  "light  through  work."  The  American  Medical 
Association    and    the    Russel    Sa  ndation    have    jo.ntly 

begun  a  tentative   effort  through   public  education  at  the   pre- 
vention of  blindness.     But  they  all  seek  to  impress  people  with 
the  tremendous  cost  of  blindness  to  the  community  in  the  way 
of  money  spent  while,  from  the  social  standpoint,  it  is  a  mere 
drop  in  the  bucket  as  compared  with  its  cost  in  wages  not  earned 
and  possibilities  not  realized.  A  campaign  of  education  is  needed, 
as  much  among  the  rich  as  the  poor,  to  make  them  intelligent  on 
the  subject  of  their  eyes,  like  those  which  are  being effectivel; 
ducted  on  such  subjects  as  tuberculosis  and  infant  feeding. 
this  purpose  there  has  recently  been  organized  a  great  nati 
Association  for  the  Conservation  of  Vision,  whose  membership 
is  not  limited  to  physicians,  but  is  open  to  all  who  are  inter 
in  furthering  the  objects  of  the  society.     It  will  take  up  in  detail 
many  of  the  topics  which  are  merely  touched  upon  in  this  : 
and  make  a  concerted  effort   in  behalf  of  society  at   1 
only  toward  the  prevention  of  blindness  and  the  orient 

of  disease,  but  to  teach  people  to  secure  for  th<  the  max- 

imum safe  efficiency  of  their  .•■ 

Dr.   Alger's  excellent  paper  was 
prominent   physicians,    among   whom 
A.  Lambert.  F.  Valk  and  John  Richards, 
was   received   from   Dr.    I".    Pari 
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raised  in  the  discussion  dealt  with  the  medical  phases  of  con- 
servation of  vision,  although  some  of  the  important  illuminating' 
engineering  aspects  of  the  problem  were  adduced.  Miss  Caro- 
line Van  Blarcom,  secretary  of  the  committee  on  the  preven- 
tion of  blindness,  of  the  Sage  Foundation,  spoke  of  the  work  of 
several  philanthropic  societies  in  an  effort  to  conserve  human 
vision.  In  citing  conservation  of  vision  as  problem  possessed- of 
certain  scientific  interest  mutual  to  the  medical  profession  and  the 
illuminating  engineer,  Dr.  A.  H.  Elliott  said  that  "the  oculist  and 
the  optician,  to  some  extent,  have  been  working  in  their  special 
lines  of  investigation  the  diseases  of  the  eye.  its  physiological 
structure,  and  the  correction  of  its  physical  imperfection.  The 
illuminating  engineers  on  the  other  side,  have  been  dealing  al- 
most entirely  with  the  physical  properties  of  light,  with  light  as  a 
mechanical  agent,  electrical  and  mechanical  efficiencies,  etc.  The 
illuminating  engineer  usually  knew  very  little  about  the  structure 
and  the  action  of  the  eye,  with  perhaps  a  few  exceptions ;  and  I 
think  the  exceptions  were  just  as  rare  of  opthalmologists  that 
had  any  very  comprehensive  notion  of  what  illuminating  en- 
gineering meant,  or  what  constituted  good  and  sufficient  light." 


XOTICTC. 


An   index   for  the  Transactions  published  during  the  year 
191 1,  volume  VI,  will  be  mailed  with  the  January,  1912,  issue. 
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